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SUMMARY 


fh is) selt—evidentvethat many) yaspects (Ob “offshore exploratory 
drilling For oll -andugas are ‘aftected (by weather, and “that ‘from 
time-to-time human safety is threatened by adverse weather at 
sea. ft. as logically, then, to inquire into how, ther forecasting: of 
severe: weather isiscarried out “invicanada, sas tt relates: to 
offshore exploration, and how and what information is provided to 
operators so that they may take actions appropriate to ensuring 
safety. This report describes weather forecasting services in 
Canada and traces the flow of information through the Atmospheric 
Environment Service to the private forecast firms with whom the 
operators deal on a daily basis. It also discusses some 
important aspects of data acquisition, and describes a number of 
severe weather conditions which present difficulty to forecast 
services. Forecast preparation and presentation are reviewed, 
together with verification procedures used by various agencies. 
Conclusions are presented on forecast content, presentation and 
verification. The question of forecast adequacy is discussed in 
terms of the information level of forecast presentations and in 
terms of the relevance of information that iS, or could be, 


presented to the offshore user. 


The present study concentrated on forecastinq services and the 
data disseminated by them to the end-user, the offshore 
operator. The terms of referencerdid not includesa sstudy, of how 
forecast data are used by operators, at the shore base or on the 
drilling unit, to arrive at decisions affecting rig sactivitics at 
sea. The affect of this on an assessment of adequacy of forecast 
data for ensuring human safety is discussed, and recommendations 


are given for examining this side of the question. 


Traditionally the Atmospheric Environment Service (AES) has been 
responsible for weather forecasting throughout Canada. Marine 
and aviation forecasts fell under their jurisdiction in addition 


to forecasts for “general public use. Under requlation of 
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offshore drilling, first hy the Department of Eneray, Mines and 
Resources, and later. .by the" Ganada’ “O11 and Gas Lands 
AGmMInistLation ((COGLA)4 (operators “were: required “to .contract 
bocatron- and roube-specifie tweather forecast ‘services. In the 
Eastern Canadian offshore these services were provided by private 
GCrporationss Catering Vspecitically “to “thie “need. Again by 
regulation, these firms had to have personnel trained by the AES 
aor to AES Standarcs. Because of this, and the central,” dominate 
Done yDlavyed) (by) the sAnS, ba soerongly -hberarca val, ava) Lhe amany 


respects redundant forecast service has evolved. 


We have found that all of the groups involved in forecasting are 
taghntiy linked, especially wat ‘the “level of the “ABS: regional 
weather offices and the private forecast firms, because prognoses 
are based on the same cascade of information from within the 
organization, and because weather forecasting is approached using 
the same meteorological principles and equipment. One apparent 
consequence of this parallelism in public and private forecasting 
qroups 1S. ar) proftounds) ‘similarity in the "preparation “arid 
presentation of forecast material. AS: a result there “are. no 
significantly different forms of data presentation available to 
offshore operators despite the apparently different sources to 


which they could turn in severe weather situations. 


We have also found the bevel of information presented in 
forecasts to be extremely low judged against what could be done 
if full advantage were taken of electronic data processing, 
transmission and display facilities now available. Several 


causes were identified: 


i} close adherence to traditional procedures and formats 


developed laraely for lay-public consumption, 


0) use of simple, meteorological parameters to represent 
complex atmospheric and sea state conditions at a rig 
LOCaAtILON, | Olin) sli tt ley sor “nO. indication ote ispatiad 


variations to be expected, and 
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a Ba) Ene Generally. low vaccuracy Of “individual .«watameter. values 
in terms of what one normally associates with engineering 


criteria £orfirig operations. 


One is also (led to ‘question “the ‘relevance of ‘some forecast 


information since it deals exclusively with atmospheric or wave 


height/period parameters. For Sdecicilons, arlrectingy sori lain 
Operations -= downhole activities, resupply, extreme eke 
behaviour for normal and abnormal circumstances -- that may have 


to be made by non-specialists in meteorology and. oceanography, 
prognostic information on, for example, rig or supply boat motion 
response Or crane derating values may be much more useful than 


traditional forecast parameters. 


There is evidence to suqgest that many dangerous situations which 
arise at sea are associated with what are termed mesoscale 
phenomena. These are weather features that form and move so 
‘rapidly, and which have such small dimensions, that they are not 
incorporated into synoptic scale forecasts. There are two 
contributing factors to this: first, mesoscale events generally 
escape observation and hence do not enter formally into the 
analysis and prognostic procedures, and second, the _ physics 
governing thelr ‘formation “and jinteraction owith. larger scale 
systems 1S not well enough undersoood to make them forecastable 
with any real confidence. It appears that this is one aspect of 
forecasting that warrants further research, seeking first to 
establish the nature of the problems in more detail, and then 
examining ways of detecting and forecasting small scale events. 
It seems likely that improvements in forecasting mesoscale 


phenomena would demand innovative approaches to presentation , 


techniques. 


In terms of verification procedures we have found that there are 
no standards which apply equally to all agencies’ providing 
services. Thus it is very difficult to make any assessment of 


relative performance. In a preliminary study of NORDCO Ltd. and 
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Meo worecasts for the’ Grand, Banks uwiwensnave found that neither 
Organization consistently outperforms the other, although NORDCO, 
like other private forecasters, attempts to provide more detail 
inctheie presentation. @Therefdeesrnotllappear to be any’ basis on 
watch’ to Claim that “orovision of forecast services. by private 
Pirms to-‘the- offshore 1s 1nadequate, relative: to standards #Hat 


could be established.for the AES itself. 


However, to judge the adequacy of forecast information EO 
offshore operators, in an absolute sense, reguires an assessment 
of how well the data meet their needs for making decisions that 
affect j)rthe security of thelr rigs and the safety of personnel \at 
sea. To do this an examination of, the entire relationship 
between regulatory expectations EOL offshore Safety, the 
utilization of weather forecast data by operators to satisfy 
these expectations, in their central coordinating offices and on 
the rigs, and the ability of forecast agencies to provide the 
required data is necessary. In wiew Of sour “conclusions. onthe 
information content and relevance of forecast data, on the one 
hand, and the apparent success of civilian aviation weather 
forecasting, on the other, we recommend the above type of study 


be undertaken. 


Donald @. Hodgins, (Ph.D. Pobnoe 
Kennech Py barry jo MA. 
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1. INTRODUCTION 


eet Statement of Study Obs eceLvies 


The purpose of this report is to describe the weather and 
sea state services that are available to Operators working 
in the eastern Canadian offshore from United States waters 
northward to approximately 70°N. This will be done by 
describing the existing services that are available to 
meet the needs of industry offshore. In the second 
report, to follow, an evaluation of the adequacy of these 


services is discussed. 
hee Study Procedures 


To meet the object ivesstwo tacks were undertaken. iret, 
a visit was paid to government (Atmospheric Environment 
Service [AES], Canadian Forces Weather Service [CFWS]) and 
private (MacLaren Plansearch, NORDCO, Mobil, MEP) offices 
in Halifax and. Bedtord Nova Scotia, Stee JObnuce and 
Gander, Newfoundland and fToronto, Ontario. In early 
stages a visit was also made to Pacific Weather Centre in 
Vancouver, British Columbia particularly to see _ the 
satellite read-out system currently being put into 
operation there. The activities .and capabilities of 
foreign based companies with involvements in the Canadian 
offshore have been assessed through a perusal of company 


literature. 


Second, a literature review was undertaken to ensure that 
recent developments in data acquisition, forecasting and 
communications were identified so that if they are not 
under consideration or in use now, their ramifications on 
up-grading forecast services could be discussed in the 


second report. 
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The Nature of the Problem 


Over the Canadian offshore, operators require weather and 
sea state data and forecasts to permit them to optimize 
their operations. With the introduction into weather 
forecasting in recent years of electronic data processing 
Significant improvements have been made in the accuracy of 
longer range tTlorecasts «(Haering, » 19381). Ei) Ereme Shor 
term, however, such improvements have been slow to appear 
-- to the extent that “Day-1 Forecasting" was chosen as 
the theme for the recent Canadian Meteorological and 
Oceanographic Society Congress (Smith, 1983). Therein it 


was stated: 


"The AES must improve its Day-1 weather warnings 
and forecast services. Emphasis will be placed 
on their dissemination, credibility, accuracy, 


verification and utility." 


These commitments by AES to improve short (and inherently) 
longer term services are of particular importance in 
offshore areas where considerations of weather and sea 
state are matters of constant and often compelling 


concern. 
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THE ATMOSPHERIC ENVIRONMENT SERVICE 


National Organization 


In order that it can respond to the demands for service 
coming |.betore. it “AES "ae the gnational level has been 
organized into five directorates and one branch as_ shown 
in Pagure.'1¢ These are located at AES Headquarters, 
Downsview, Ontario with the exception of the Policy, 
Planning and Assessment Directorate which is co-located 


with the Department of the Environment in Hull, Quebec. 


Of the directorates at Downsview, Field Services has been 
assigned the responsibility of providing a Suitable level 
of weather services for the safety and security of 
Canadians and for the acquisition of the basic under- 
standing of atmospheric properties needed to maintain and 
improve such services. AS a response, weather forecasts 
and warnings are issued for all the land areas of Canada 
and for the contiguous ocean areas, generally within the 


200 mile economic zone. 


Six regional headquarters, shown in Figure 1, report 
through Field Services providing AES with essential 
regional contacts. Also reporting to this directorate is 
the Canadian Meteorological Centre in Montreal, the senior 


forecast office in Canada. 


The Directorate of Meteorology and Oceanography (D MetOc), 
Canadian Forces Weather Service (CFWS) is staffed profes- 
sionally by meteorologists seconded from AES, and the 
pirector;, based “in frOttawa, “neports,, functionarly to AES 
(See PPigurers1):. Thist¥ibody #has the) Tesponsibivity) for 
providing a meteorological and oceanographic service for 


Canadian Forces aviation, naval and land operations. 
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The other directorates in Downsview have responsibilities 
which are of immediate importance in the provision of 
weather services. For example, within the Atmospheric 
Research Directorate, the Cloud Physics group is concerned 
with weather radar and thereby severe weather detection. 
Further, the Meteorological Services Research Branch 
(MSRB) is concerned with weather satellites and includes 
within it the Satellite Data Laboratory (SDL) which 
supplies real-time satellite data to AES. MSRB also 
develops both statistical and dynamical models’~ and 
procedures for the forecasting elements of weather, sea 


state and ice. 


Within the Canadian Climate Centre there is the 
Climatological Branch which collects and quality controls 
all surface, upper air and supplemental data (including 
that “from ships’ at’ (sea) and.. ‘oil. rigs), ° provides 
hydrometeorological services for marine applications 
(Swail and Saulesleja, undated) and undertakes special 


study projects based upon climate data. 


The Central Services Directorate in its own right and as a 
service organization for the other directorates provides 
computing and communication services, including management 
and operations of the AES national teletype, facsimile and 
photo-facsimile networks, the CMC computer system and the 
Downsview Computing Centre. It is also responsible for 
meteorological instrumentation within AES including 
design, testing and procurement of new systems = and 


techniques. 


Ice Branch, located in Ottawa, iS responsible for the 
Canadian information and advisory service for sea ice 
distribution and type. Ice archives are maintained, and 
daily and seasonal ice forecasts are issued. Finally, the 


Central Services Training Branch in Downsview is 
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responsible for the recruitment and training of 
meteorologists and technicians and for the continuing 


professional development of those staff in AES. 


Regional Organization 


The six AES regions shown in Figure 2 have area 
responsibilities in the provision of weather services and 
in the collection and dissemination of weather 
information. The Atlantic Region, which includes the four 
Atlantic provinces and the offshore waters within the 200 
mile economic zone, maintains a headquarters at Bedford, 
Nova Scotia. Within this regional organization there are 
four divisions reporting to the regional director. These 
are Weather Services, Scientific Services, Data 


Acquisition, and the Atlantic Weather Centre. 


The Chief of Weather Services is concerned with the needs 
for and the provision of weather services in the Atlantic 
Region. He is also the regional officer responsible for 
the Newfoundland Weather Office (NWO) in Gander, 
Newfoundland and for the eight presentation offices in the 
Region, the locations of which are shown in Figure 3. In 
addition, he responds to Stated meteorological 
requirements arising from the authorities of the Canadian 
Air Transportation Administration (CATA) and the Canadian 
Oil and Gas Land Administration (COGLA) relative to their 
respective responsibilities in aviation and offshore 


development. 


The Scientific Services Division is responsible for data 
bank management, for the support of air quality services 
and for the review of environmental impact assessments. 
Scientific studies of - regional concern .in: forestry, 
agriculture and the offshore are undertaken. In addition 


to staff at Bedford, scientific officers tof the division 


Seaconsuld 


Yas = 
aida ae, 


iy a ay 


>. Grranis ? 302 Boe @aafoirnives ins mie polosns 
7 ; é ’ ‘ ; ~! al od 2 : 9 = 2” Re 
‘ BU2 S2005, 30 spericaieveb,laniols #3%6 
a c 2 Aro. is 
a a A f + 
. a J | , , of af 
ad / ri] ¥ } sy a Ly 
‘ al : "9 
rw alice 
=} ys. ~~ = é " 
| ‘bas iate 
e 
4 » 4 y 4 ‘a 
4 
y > WLS) 
P i J ky> ‘e ST 7 
ey (OS vod w 3: 
—- +a) Ute i have? a 
} a 5 i 
| HOtleods “eas poly 
‘ ; , ore a 
il i = 7 P noha 
so tte ialaeh aon mornsepe 
+ i i 4’ T Cj } Coty al we os 
} a t a: 95 
: - RA ic d< + gl 
JONG 
[2° Bsa QOLaIViO“.. Beolvses of3) 3 ASE 
av YILLBUD 3 > PIOGQGVE O79 362 \JnomeRsa iam 
‘ 4 . "So, 2 Ben | @ * ny Bas od “J | 
sonqm. isasnamnoulvas Yo woives enh 
~ 4 o- ‘ | “hs 
(3328202) Ab: Rewonee: fanoi pes. 3c aelbure 
‘ _ a et : Ll? 
OL ILBES, lll f seams e308 s10gt3p Pre wa 
fi * hg 7 c : 
nti oleh ieamy to. ets INEd, 131909188 taete os 
tha | ae . : - 4 hag e:. ' as = 


sll 


i 


* RED BY 
“EMPLACEMENTS 0°08S TIONS LETEGROLOGIOUE$ 


5 O'OBSERVA 
RELEVANT DE LA REGION OF L'OUEST 


Seaconsult 


arisen 
in ay na an 
a ae 


‘ 
t 


hd) bas. en he ae 
ren lil ope) 


10 


t 


"(PES6T) SAW word 


“S9OTJJO ASUReSM SAY FO SuOTRZeOOT “EL ainbta ; 
8 

BLvé-7900 4 
TOGL AVE NY 

“org, i Y 

M104, “po 
ba e 
; a rvQ 
y) eo P Qo poets od 


v a)?” 
“poor 
i ¥ op? «9S 
wh yO N . 


(LOM) (LEVDIVOS) $IDIIIO WIHLVIM 
(SNOISIAQW4) SINDIDOTOWOZLIW XNVINNG 


(COM POM) (NOILVINIS3IUd) SIDIsVO WIHIVIM 
(NOILVLINISZ UA) FINOIOOIOWORLYIW xNVvWIVNG @ 


SINDIDOIOYOSLIW XNVAYNG S30 LNIW30V1dW3 
$391430 Y3SHLV3M JO NOILV9ON 


INOIWFJHISOWLV LNIW3NNOYIANS.1 30 JDIAYSRS 
JDIAWIS LNIWNOVIANS DINVIHdSOWLV 


‘ye 


© 


ore 


, 


7 


—— 


i. 


are located at Fredericton, New Brunswick and St. John's, 


Newfoundland. 


The Chief of Data Acquisition is responsible for regional 
data programs. This may involve station site selection, 
installation of equipment, and the subsequent inspection 
of equipment and staff performance. The training of 
staff, Dare Lcularly WOE those working for private 


contractors or consultants, is also a responsibility. 


The other major unit in the AES Atlantic Region establish- 
ment is the Atlantic Weather Centre which is located at 
Bedford as well. This office has the responsibility of 
providing analysis, prognostic and forecast guidance to 
other units (AES, CFWS and private) in Atlantic Canada and 
of leading in the operational development and training of 


regional meteorologists. 
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THE REGIONAL ROLE IN THE ACQUISITION OF METEOROLOGICAL AND 
OBA STATE DATA IN THE SUPPORT OF OFFSHORE DEVELOPMENT 


Selection of Observing Sites 


To meet requirements for meteorological data AES maintains 
in the Atlantic Region more than 30 synoptic and hourly 
reporting stations, the locations of which are Shown in 
Figure 4. These are all land stations though some are 
located: on headlands or islands and therefore,. in. some 


instances, have reasonable exposure to the sea. 


To obtain data for the offshore, use is made of both ships 
of opportunity and “dralling, rigs. In the volunteer ship 
program Suitable vessels are selected by the Port 
Meteorological Officers (there is one at St. John's, 
another at Halifax) and if the necessary cooperation is 
forthcoming, meteorological equipment is installed and 
training given to the ship's officers. The Manual of 
Marine Weather Observing (MANMAR) (AES, 1982) prepared by 
AES governs the procedures. Because of ship mobility and 
time restrictions, “particularly of the radio officer, <a 
program of even four synoptic reports per day is difficult 


to achieve. 


Observational programs from rigs offshore are, however, a 
formal requirement as stated in "Physical Environmental 
Guidelines for Drilling Programs in the Canadian Offshore" 
(COGLA, 193.3) % Here observational requirements-~ are 
stated, and they depend on factors such as the location of 
the rig with respect to an AES Weather Station (e.g. Sable 
ts land) Wor... wnetner wathewrig is ts used fore nelicoprer 


operations. 
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Figure 4. Synoptic and hourly reporting stations. From AES AN ey 
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Training and Certification of Contract Weather Observers 


If there’ is no aviation observing requirement the 
provisions -of.. MANMAR, “(AES, -1982) “are ‘followed. The 
weather observers, most often employees of consultants, 
are trained for one week by the Regional Instructor, 
though if several are to receive instruction simultaneous- 
ly, this may be done away from Bedford on a cost recovery 
basis. For an aviation program additional training by the 
Regional Instructor is required as observing programs are 
more complex. This training is based on the AES manual 
"Supplementary Aviation Weather Observation" (SAWRS) (AES, 
1977). On successful completion candidates are presented 
with a certificate of competence signed by the Regional 


ie 
Director. 


Supply and Installation of Equipment 


Equipment in the MANMAR program consists of a Stevenson 
Screen in which are exposed dry and wet bulb thermometers, 
a sea bucket for determining water temperature, an aneroid 
barometer, a barograph and a non-recording U-2A 
anemometer. If aviation-style reports are required, then 
ceiling balloon equipment is also supplied. In many 
instances operators will install other meteorological 
equipment. Readings from these may be incorporated into 
the observations providing the equipment meets COGLA 
standards ~ (COGLA,. 1983)) ‘and “1s° jJUudged Vby -sthe pore 


meteorological officer to be properly exposed. 


Usually, AES-supplied equipment is installed on the rigs 
when they are being outfitted either in Marystown or 
Halifax harbours. The anemometers, the most critical 
installation, are mounted as high as feasible on the 
derrick to produce the most representative of wind 


observations. The height of the anemometer above water 
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level is recorded and is available for the information of 
users of the data. The problems associated with the 
placement of anemometers on ocean structures SO as to 
obtain useful wind data have been discussed in numerous 
reports, for example Dobson (1981), Pierson (1983), and 
Sma thao ei ja. 


Quality Control of Observing Programs 


Quality control of rig observations is exercised in the 
first instance by immediate users -- the pilots. and 
forecasters. Also, during the twice-yearly visits of the 
port meteorological officers, station procedures’ and 
records are reviewed. Beyond this, synoptic. style 
(MANMAR) reports are quality controlled when they are 
introduced into the AES data bank at Downsview, and the 
aviation reports are routinely checked at Bedford where 


they are archived. 
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THE CANADIAN WEATHER AND SEA STATE FORECAST SYSTEM 


Structure 


The system adopted by AES_~ for thes provision. sou 
meteorological, ice and sea state services in Canada is an 
hierarchical one based on diminishing geographical areas 
of responsibility. iIniStStuucture Ic shown in Figure. 5 
which also illustrates the flow of information between the 
units. At the head is the Canadian Meteorological Centre 
(CMC)L any Montreai. This office, by using computer- 
oriented techniques generates hemispheric analyses at the 
surface and in the upper air, and it provides synoptic 
scale prognostic guidance for North America and the 


contiguous oceans. 


The next level of responsibility is vested in the Weather 
Centres of which there are seven in Canada (see Figure 
3). These offices supply an analysis, prognostic and 
forecast service for their areas of responsibility using 
output from CMC as guidance. A mix of human and computer- 
oriented skills are used and outputs are in both chart and 


text. form. 


At a step below the Weather Centres are the forecast 
weather offices of which there are now just two civilian 
offices in Canada, Whitehorse and Gander (both identified 
Wri aure:-3 i. These offices are staffed to provide 24 


hour forecast products. 


Finally in the hierarchy are the presentation offices, 
sometimes headed by a meteorologist but most often staffed 
solely by specially trained meteorological technicians. 
Table> 1) Lists the eight. sivem soffices: ‘in. the’ Atlantic 
Region and the nine in the Quebec Region (including 
Frobisher). Their activities are directed to meeting 


weather and sea state user needs. 
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CANADIAN 
METEOROLOGICAL CENTRE 
Montreal, Que. 


MEP 
Toronto, Ont. 


NATIONAL OCEANOGRAPHIC 
AND ATMOSPHERIC 

ADMINISTRATION 
Washington, D.C. 


Hemispheric Analyses 
Pacific-North American- 
Atlantic Prognoses 
Operations Development 
Computing Centre 


Regional Analyses 
Regional Prognoses 
Regional & Site 
Forecasting 
Weather Watch 
Presentation 
Computing Centre 


Global Analyses 
Global Prognoses 

Forecasts, Warnings 
aod Advisories 


ATLANTIC 
WEATHER CENTRE 
Halifax, N.S. 


Regional Analyses 
Regional Prognoses 
Regional Significant 
Weather 

Regional Forecasts/ 
Warnings 

Presentation - Weather 
Radio 

Computing Centre 
Operational Development 


CANADIAN FORCES 
METOC CENTRE 
Halifax, N.S. 


Regional Prognoses 
Regional Significant 
Weather 

Regional Sea State 
Forecasts (Chart Form) 


MACLAREN PLANSEARCH 
Halifax, N.S. 


Regional Analyses 
Site Forecasts 


Weather Watch 
Presentation 


NEWFOUNDLAND 
WEATHER OFFICE 


Gander, Nfld, NORDCO 
‘ 
Regional Forecasts/ St. TJohnis,, Nfid- 


Warnings Regional Analyses 
Site Forecasts 


Presentation & Weather 
Radio 
Computing Centre 


Weather Watch 
Presentation 


HALIFAX INTERNATIONAL ST. JOHN'S 
WEATHER OFFICE WEATHER OFFICE 
Presentation 


Terms 

Analyses and prognoses: chart form transmitted by facsimile. 
Significant Weather: chart form transmitted by facsimile. 
Forecasts/Warnings/Advisories: text form transmitted by teletype. 
Presentation: verbal by telephone, Weather Radio (VHF), or video. 


NOEES 

All offices except Presentation Offices receive SDL output 
directly. 

st. John's WO, NORDCO, and Gander receive Trepassey radar 
imagery directly. 


Pagure =>.  Heirarchy of public meteorological’ offices 
in Eastern Canada and the data flow from 
them to private companies. 
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AES Presentation Offices ,in Eastern Canada 


Atlantic Region 


Quebec Region 


Frobisher Charlottetown 
Montreal/Mirabel Fredericton 
Montreal/Dorval Goose Bay 

Quebec Halifax International 
Sept Iles Moncton 

Sherbrooke Saint John 

St. Hubert St. wohns 

Trois Rivieres Sydney 
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The Canadian Forces also has several weather offices in 
the: Atlantic Regions which: are’ Listed Wing Table. 2. The 


Santor OLrr1 Ce 1S METOC hs he Halirax. 


Private weather firms (or consultants) may contract to 
acquire from AES the meteorological material needed to 
Support their programs. While they function independently 
of AES direction they are required to consult with the 
appropriate office if there is a substantial difference in 
opinion (COGLA, 1983). Those private firms presently in 
Operation are identified in Figure 5; their relationships 


to AES are discussed in Chapter 5. 


Table 2 


Canadian Forces Weather Offices 


Atlantic Region 


Chatham 

Gagetown 
Greenwood 
Halifax (METOC) 
Shearwater 
Summerside 
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a. 2 Tne Canadian Meteorological Centre Program 


The, sOucpUut frome CMG) 71s yalargely sin «chart. Lorn, smose ly 
produced by EDP methods uSing a CDC Cyber 176 computer and 
peripheral units. (The Cyber 176 is the most powerful 
computer in the Federal Government [AES, 1983a]). Based 
on hemispheric data received through the AES CNCP data 
network in Toronto, analyses and prognosticS on a 
hemispheric or near hemispheric basis are produced. The 
prognostics include both surface and upper level charts 
issued for forecast intervals varying from twelve hours up 
to five days. A hemispheric spectral model in its eighth 
version is currently in use. These charts, which are 
hand-worked only to add frontal structures, are 
supplemented by forecast messages (FX) wh ich are 
distributed by teletype to amplify the chart § form 
forecasts. In addition to the surface and upper air 
charts a number of special fields (temperature, moisture, 
high level Significant weather) are produced and 
distributed for use in the forecast offices. Operational 
development iS an important part of the program at CMC 
that 1s directed toward maintaining a level of production 
in the Centre comparable with expertise elsewhere. 
Studies are regularly undertaken and the results 


distributed for consideration elsewhere (Boucaud, 1982). 


Verification at CMC through the years has been done by 
means of the S-1 or Brier Scores (Teweles and Wobus, 
1954). The scores are based upon pressure or contour 
height data extracted from prognostic and analyzed charts 
for the same time to provide a mathematical measure of 
forecast skill. In recent years with the implementation 
of EDP processes S-1 scores at CMC have displayed 


substantial improvements (Haering, 1981). 


At the present time there is no systematic program for the 
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verification of severe weather situations at CMC although 
some work has been done (Boucaud, 1982; Gladstone, 1981). 
Because Of the large grid used in determining the S-1 
scores that system is not useful for verifying prognostic 
Situations dealing with the intense, but compact cyclonic 
centres which are often the cause of Strong winds over 


offshore waters. 


CMC maintains the primary operational contact with the 
United States National Oceanic and Atmospheric 
Administration (NOAA is included in the hierarchy of 
Figure oa Some of the analyses and prognoses of the 
National Meteorological Centre (NMC), Suitland, Maryland 
are fed directly into the Canadian weather-fax system 
through. CMC. Of particular interest are the charts 
produced by the global spectral model (as compared with 
the Canadian hemispheric spectral model) and the Limited 
Fine Mesh (LFM) model. There is also a reasonable level 
of personal contact between these offices. For example 
during the hurricane season, when storms are positioned to 
be of concern to forecasters of both NMC and CMC, close 


coordination is maintained. 


In Canada, personal contacts between CMC and Weather 
Centre meteorologists tend to be rather few and to be 
diminishing. With the more sophisticated numerical models 
now in use operational experience has shown it to be very 
difficult: to successfully v,alter ther darapeor,vpatcerns 
subjectively without causing inconsistencies or discon- 
tinuities. CMC meteorologists are therefore reluctant to 
make changes, and there is little reason to initiate 
contacts. However, during periods of severe weather, 


consultations are frequent. 
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The Atlantic Weather Centre Program 


The meteorological proqram in Atlantic Weather Centre 
(AWC), Bedford consists of hoth analyses and prognoses in 
chart form and forecasts, weather warnings and advisory 
messages directed toward aviation, public and marine 
interests. In the mid-sixties during a reorganization 
which essentially produced the present day forecasting 
structure in Canada, the Atlantic Weather Centre was 
retained in downtown Halifax and the Maritimes Weather 
Office (WO1) at Halifax International Airport. N69 Ui) eR 
these two offices were co-located and subsequently merged 
into one within the Atmospheric Environment Centre at 
Bedford. The analysis-prognosis program output of the 
reorganized Weather Centre was retained in support of 


other AES and CFWS operations in the Atlantic Region. 


The office is well-staffed (56 person-years including a 
professional staff of 24 meteorologists and three computer 
scientists) and is well-equipped. A Hewlett Packard 
mini-computer is an integral part of the office program 
and all weather charts and tephigrams are machine- 
plotted. All data are conveyed to the forecasters through 
video display terminals and all forecasts are composed on 
word processing equipment. Hard copy of teletype traffic 
is accumulated for record purposes but is not used in 
day-to-day operations. Data and forecasts are stored on 
magnetic tapes. Presently five years of records are 


available on tape at Bedford. 


Satellite imaaery is received from the Satellite Data Lab 
(SDL), Toronto. iby the: new facsimile Unifax system. Both 
visual and infrared pictures are received but they are not 
colour-enhanced. To view a sequence of the satellite 
photos a video camera is used to produce a television 
film. Because of reduced definition though the system is 


nob Particularly effective: (Horita, 1931). 
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Radar imagery is also available to the forecast office by 
relay from Halifax International Airport. Because of the 
location of the equipment, the information obtained has 


relatively little impact on offshore services. 


The forecast programs from AWC are issued for the areas 
shown “in “Piguress 6al.tpuplici, 6b) (aviation), and = ioe 
(marine). All forecasts are issued four times daily and 
amendments, weather warnings and advisories are issued 
when required. There are always three forecasters on duty 


and usually four on dayshift. 


There is also a presentation technician on each shift to 
assist in forecast operations and to maintain the Weather 
Radio broadcast. The weather radio network in Eastern 
Canada has been particularly well exploited, with 
provincial cooperation, in the Atlantic Region. From the 
many, conveniently located VHF broadcast stations users 
always have available an immediate weather service. The 


stations in Atlantic Canada are shown in Figure 7. 


The office has one meteorologist allocated to Operational 
Development, Implementation and Training. This person, in 
addition to being. responsible for professional update 
training in the foffice has been -much) involved) ain: the 
development of  computer-oriented procedures £Ove scans 
OLfice. This position is also the focus for operational 
research in «the office’ from ‘which Atlantic? | Region 
Technical Notes evolve (see, for example, Pearce, 1983a). 
While this kind of work is encouraged, relatively little 


time. is Javailable..for lptebecauseof staf Mamitat tons. 


The verification programs in use at AWC are those managed 
by Field Services (AES, 1982b) and since they have been in 
place barely a year they are not yet of much value to the 


forecast program. An internal program of verifying by 
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Figure 6b, AES Aviation weather forecast regions in 
eastern Canada. From APS -(rso3a)- 
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ATMOSPHERIC ENVIRONMENT SERVICE 
MARINE FORECAST REGIONS 
ZONES DE PREVISIONS MARITIMES 


OU SERVICE OE L'ENVIRONNEMENT 
ATMOSPHERIQUE 


Figure 6c. AES Marine forecast. regions Gan ‘eastern 
Panada.  Fromeabs (19bBaix 
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means Of the S-1' “score based on the /30 hour Surface 
prognostic has been maintained for almost 13. years and 
these scores which are posted in a time series in the 
office show indications of long term improvement. S-1 
scores prepared more recently of the regional hand-done 
prognostic, the Global (NMC) and Hemispheric (CMC) 
Spectral Prognostics and the LFM (NMC) prognostic do not 
indicate that any one of these products is consistently 
better than the others. 


As at CMC there is no program in place to verify office 
performance in severe weather events. However, a proposal 
for Marine Storm Warning Verification (Pearce 7 198sbjers 


presently being discussed. 


Inter-relationships between AWC and the staff of other 
forecast offices are infrequent. If hurricanes are a 
matter of concern then contact with NOAA hurricane 
forecasters in Miami is mandatory (AES, 1983c) and 
coordination with CMC meteorologists is encouraged. When 
other forms of severe weather are of concern then usually 
there is consultation with neighbouring U.S. offices 
(e.g. Boston, Massachusetts or Portland, Maine). However 
in more routine situations, even when differences of 
Opinion arise, there is not much consultation because, 
apparently, it proves difficult to resolve differences 
satisfactorily by telephone. Only between the forecaster 
and the technician of the presentation office, who is 
frequently seeking information or explanations, are there 


regular interchanges. 

The Newfoundland Weather Office Program 
Sn eee. PrOGr al 

The Newfoundland Weather Office (NWO) program differs from 


that of the AWC in that it has neither a formal prognostic 


Program nor an upper air analysis program. For these the 
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office is dependent upon the output of the AWC in Bedford 
and CMC in Montreal. 


Inés .k£orecast,yprogram consists oOfija:fulleesernies sof miand 
area public and aviation forecasts and ocean area marine 
fOrecast shut PLGUEesS B64, er0D ps6 Copmabogertner. with weather 
warnings and advisories as required. Also aviation 
forecasts for three ocean areas (Flemish Cap, Harrison 
Bank and Nain Bank) and seven sites are issued twice 
daily, with required amendments for the offshore 
LGUs Gy . This tends to be a seasonal operation because 
of, sea ice over more northernly parts. of the offshore. 
Overall the program has grown considerably since its 


inception in 1978. 


Another seasonal commitment arising from the offshore 
program in the Labrador Sea is a forecast provided to 
COGLA from early September until drilling activity is 
ended for the winter season. The emphasis in the two day 
forecast and three day outlook is placed on major storm 
activity. The information is used by COGLA to extend or 
terminate offshore activities as the exploration season 


draws to an end. 


Theie Professional, «Staff. of) .NWOetcons.te tain Ofeed Ana Shute 
meteorologists, a senior meteorologist and the officer in 
charge. There are two computer scientists in the office. 
Because of heavy summer commitments restrictions, of 
necessity, are placed upon summer leave. An important 
staffing consideration here is the short service periods - 
of most professionals. Many stay for no more than the 
minimum two year posting and since the training period for 
recently graduated meteorologists is quite often lengthy, 
the professional staff resources are reduced accordingly. 
There is no operational-development position at NWO so 


chere are )no formal. staff “development ‘or “refresher 
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The equipment and facilities at NWO compare favourably 
with that of AWC in Bedford. There iS in place a 
mini-computer which is used for data processing, prantiod 
of charts and composing and relay of forecasts. Satellite 
imagery 1S received via the Unifax facsimile circuit. 
Equipment to provide display of successive photos has been 


Supplied but so far has not performed well. 


The office receives in real-time, again by faceimile. the 
imagery from the Sceptre radar which is located at 
Trepassey on the south shore of the Avalon “Peninsula. 
From the charts the forecasters can assess precipitation 
areaS and intensities and can determine the vertical 
extent. Of precipitation = producing clouds. Since the 
images are received at .regular intervals speeds. of 
precipitation systems, and thereby speeds of synoptic 
systems, can be determined providing there is a clear 
relationship between the two. With a normal scan area of 
240 km the information is used primarily for forecast 
support for St. John's and the Avalon Peninsula but the 


information does have application in the near offshore. 


Output from the Gander Air Traffic Control radar 4s salso 
relayed into NWO for the use of the forecaster. However, 
since during precipitation events, controllers attempt to 
minimize the impact of precipitation on the screens, the 


usefulness of the facility is reduced. 


Some verification of the Gander forecast product is done 
regularly. For example the Torbay (St. John's) and. Gander 
terminal aviation forecasts were verified for a number of 
years. Now this is done through the national programs for 
aviation and public forecast verification (AES, 1983b). 
Precipitation forecasts for St. John's are monitored on a 


Simple true or false basis. 
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For the offshore some attempt has been made to assess 
ekulr in, forecasting. _Strond) = Winds, SCARS, I 1905e) —RmoUL 
ditticultiesi™ are “" presented.” "by ™ thee" Lack Of ruSenur 
verification data and therefore no regular program is in 
place. The presentation program in the NWO is an 
important function and as elsewhere it is maintained by 
meteorological technicians. A good deal of its effort is 
directed, “toward “the brtefing Vot © pilots’ ferrying *smalt 
airerare. tor purchasers ein —urope”. The Weather Radio 


Canada program for Newfoundland (Figure 7) is also at NWO. 


Another important thrust of the presentation program is 
the briefing of Canadian Forces Air-Sea Rescue personnel 
at Gander by remote video equipment supplied by Canadian 
Forces. The following information was obtained in an 
interview with Major Gathercole, the Officer in Command of 


the Air-Sea Rescue Squadron at Gander. 


The Air-Sea Rescue Unit at Gander is responsible for both 
onshore and offshore emergency mercy missions and medical 
evacuations. These missions, using Labrador helicopters, 
may be flown anywhere from the U.S. border to well north 
of Frobisher Bay, N.W.T. 


Operations are conducted under Visual Flight Rules which, 
in the often difficult weather conditions of the east 
coast, places considerable burden on the aircrew. Other 
operating restrictions are that there must be no airframe 
icing and no severe turbulence. Furthermore, winds on 
start-up must not exceed 52 kt nor should gust variations 
of” speed” exceed "Ts Kt. A particular operational 
difficulty offshore is presented by icebergs obscured by 


sea-fog. 


To supplement "official" observations during missions, 


commanders will obtain information from available sources 
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such as the RCMP or lighthouse staff. The move by AES to 
replace manned observing sites by automatic equipment 
creates problems for Air-Sea Rescue operations Since cloud 
ceiling and visibility are difficult to measure by 


automatic equipment. 


Since location of equipment can be critical during severe 
weather events (e.g. decaying hurricanes), severe weather 
Forecasts are watched carefully both in Gander and in 
Halifax where Air-Sea Rescue Headquarters is co-located 
with METOC in Canadian Forces Headquarters. If it seems 
useful to do so, equipment will be staged to critical 
areas in anticipation of emergencies arising from the 


severe weather. 


Inter-relationships between NWO and the staff of other 
Operations are the same as they are elsewhere -- quite 
good with those the office is serving (esq. “Fine 
presentation offices, Air-Sea Rescue) but less so with 
other meteorologists such as those at AWC or in private 


operations. 


the: Presentation Offices injtne Atlantic Region 


There are eight presentation offices. in ‘the’ ‘Atlantic 
Region of which four (Goose Bay, St. John's, Sydney and 
Halifax International ) are most likely to have 
involvements with the offshore. In the Quebec Region, the 


Frobisher Bay Presentation Office may also be involved. 


The offices are staffed by meteorological technicians on a 
24 Hour. basis. In addition to maintaining an 
observational program, briefing service is provided to 
those with interest in public, aviation or marine 
meteorology. At St. John's, for example, the office 


receives over regional facsimile and teletype circuits all 
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weather charts, forecasts and related data in hard copy 
necessary to provide these services. Also, at St. John's, 
the Urepassey radar imagery, as fed) directly into the 
office for local use. Some satellite imagery is also 
supplied through the regional facsimile circuit from AWC. 
Because of the poor quality of the transmission and due to 
the need for professional assistance in interpretation, it 
is supplemented by "synoptic feature estimates" 


transmitted by teletype. 


Because a close working relationship usually is developed 
With the meteorological client through in-person or 
telephone contacts, the presentation technician is an 
important element of the AES service hierarchy. Because 
of this personal contact aspect it is very important that 
effective communication be maintained between the 
presentation technician and the meteorologist. Within AES 
there has been discussion that could lead to a larger role 
for the meteorological technician in Weather Services 
(Lee, 1982). At the Sydney, Nova Scotia office, for 
example, a marine forecast program for the Bras D'Or Lakes 
is maintained by the technicians. Data from specially 
installed anemometers about the lakes are received in that 
office and it is judged that a better service can be 


provided if these special reports are utilized locally. 


The Canadian Forces Meteorology and Oceanography Program 


The Meteorology and Oceanography Centre (METOC) in Halifax 
has responsibilities in weather and sea state forecasting 
for -both military «and civilian -users<: Pte PS. an Wellin 
Staffed “facility, with eloht |senior— and. six’) junior 
meteorologists, and the senior staff have a very low 
turnover rate. The centre operates 24 hours a day with at 
least one senior meteorologist in a supervisory role at 


all times. 
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METOC “produces .one sea State analysis chart ‘and ~three 
prognoses charts every 12 hours. At about 0400 hours 
(GMT) they issue the 0000 hours analysis chart and the 
1200 hours prognosis chart. At 0600 hours they issue a 24 
and a 36 hour prognosis. A similar schedule is maintained 
between 1200 and 2400 hours (GMT). 


The methods used by METOC to analyze and forecast the deep 
water sea state conditions’ are described by Morgan 
(1971). The wind prognoses are based on the CMC spectral 
analysis products and NOAA global wind fields together 
with subjective manual modifications. Wave prognoses are 
developed principally from the preceding analysis chart 
taking into account the predicted wind field changes and 
the observed trends in the wave field over the past 24 
hours. In areas where predicted wind fields are likely to 
generate new waves, or where wave decay is expected, 
parametric wave models are used to supplement the wave 
field trend analysis. These models are based on mean wind 
speed, fetch and duration estimates, solved using 
nomograms derived by Suthons (1945) and Bretschneider 
(1953). This is largely a manual process which relies for 
its success on experienced forecasters. MEP of Toronto is 
presently under contract to provide a numerical wave 
forecast model which will be integrated into the METOC 


system. 


As sea state observations from naval and commercial 
vessels and from drilling rigs become available, they are 
incorporated into the analysis chart. Care is taken to 


avoid introducing erroneous wave height reports. 


The charts are distributed over the landline fax circuit 
and by radio fax on "fleet broadcasts" to the Canadian 
Navy and to commercial ships. Private forecast offices 


may also use these products, but the METOC schedule of 
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issuing prognoses is not compatible with offshore 


requirements. 


The wave analysis charts are archived in the Bedford 
Institute of Oceanography (BIO) and thereby now form a 13 
year historical database of deep water wave conditions in 
the North Atlantic. These charts have been digitized by 
BIO as well as by AES and the resulting database is 


available from the Marine Environmental Data Service in 


Ottawa. 
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PRIVATE METEOROLOGICAL COMPANIES 


There are presently three private Canadian companies which 
provide meteorological forecasting tognhathee Atbangic 
offshore operators. In Figure 5 their relationship to the 
AES structure was shown. In addition there is one 
American firm currently providing services for drilling 
Operations in Canadian waters. The following sections 
describe the facilities and services of these four 
consulting companies with emphasis on those located in 


Canada. 


MacLaren Plansearch 


This company conducted weather and sea state forecast 
operations in Newfoundland in the 1978/79 period and since 
October 1982 has been supplying services to operators on 
the Scotian Shelf from an office in downtown Halifax. The 
office, while small, is equipped with the available AES 
facsimile, teletype and satellite imagery (Unifax) 
circuits. No computer is available and as a consequence 
the surface weather charts and aerodynamic diagrams used 


in the office are hand plotted. 


At present one meteorologist per shift (without technical 
Support) maintains the office, issues the forecasts and 
carries out a weather watch. Management indicated that 
technical staff would likely soon be added. The core 
forecasters are three British-trained meteorologists who 
have’ had offshore experience intoubrittilan and the 
near-east. This staff is supplemented by retired AES 


meteorologists. 


Weather warnings, weather and sea state forecasts are 
issued for the mandatory 48 hour forecast and 72 hour 


outlook periods (COGLA, 1983). In support of this program 
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Surface weather charts are plotted and analyzed for each 
of the four synoptic hours with data coverage regularly 
ranging from the eastern one-third of North America to the 
eastern Atlantic. There is no formal prognostic program. 


Telephone contacts with AWC forecasters are infrequent. 


Forecasts are issued every 12 hours and are regularly 
up=dated'*sax hours after iesuet They are delivered by 
telex to company radio rooms for onward transmission to 
the rigs. The forecasts are regularly verified against 
rig data and monthly summaries of site weather are 
prepared. No formal attempt has been made to verify the 
handling of severe weather events to date. Weather watch 
is regularly maintained and considerable importance is 
placed on good working relationships between rig and 


weather office personnel. 


Newfoundland Oceans Research and Development 
Se a a ee el ae PS a 
Corporation (NORDCO) 


NORDCO is a diverse environmentally oriented company that 
has, aS part of its business, been providing weather and 
sea state observing and forecasting services for the 
eastern offshore for several years. The forecast office 
is located in St. John's, Newfoundland and is equipped 
with normal AES circuitry. (The K560 glossy print system 
for receiving satellite imagery has been retained in 
preference? toovthe® duller “prints ¥ of 44thePinewat uatfax 
system. ) Output of the Trepassey radar is also received 
regularly. To handle the forecast output telex equipment 


with an incorporated word processing system is used. 


There are six meteorologists, including the manager, on 
staff so that normally a meteorologist is available to 
assist the manager in program development. There is also 


one technician on duty per shift. The professional staff 
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are Canadian-trained and are considered by the manager to 
have qualifications equivalent to AES forecasters 


executing normal shift forecast duties. 


The analysis program consists of four hand-plotted and 
hand-analyzed surface charts Chats, as at MacLaren 
Plansearch, approximate the plotting areas of the AWC or 
NWO charts. There is “no ‘formal prognostic | programe 
Forecasts, provided presently to as many as ten sites, are 
issued with respect to a formal manual of operations which 
is made available to each client. In the manual (e.g. see 
Exhibit 112, Ocean Ranger Royal Commission) the parameters 
that may be included in the forecast are listed and the 
terms on which they are forecast are rigorously defined. 
Forecasts are normally issued in tabular form for periods 
up to 48 hours and are regularly supplemented by less 
specific outlooks for periods beyond the forecast (COGLA, 
1983). In the forecast process it is considered at NORDCO 
that the forecaster's judgement is used to narrow down the 
scale of weather prediction and that elements are defined 
at the mesoscale as well as the synoptic scale (CMOS, 
I9os3asee loos). For example, winds are forecast for the 
anemometer height thereby anticipating turbulence factors 


that are inherent with the location of the instrument. 


Verification programs are maintained as a requirement 
(COGLA, 1983) and the rigorous definition of the forecast 
parameters provides for relatively easy application of 
verification rules. AS a matter of personal concern the 
manager has written on the subject (Hewson, 1983) and 
suggests than an assessment of "“usefulness™ ‘of the 
forecast to the client may be more appropriate than an 
objective assessment of "accuracy." Concerning severe 
weather events there is for these no continuing program to 


objectively assess forecaster skills. 
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In the matter of having one company supply both observing 
and forecasting services to a rig the following comments 


in "SUPPOLtwoL | such ‘An arrangement were obtained: 


- qualifications of staff at both ends are understood, 

- manual of operations is understood, 

~ Systematic errors in forecasting may be more readily 
recognized, | 

~ inter-company competition or friction is eliminated, 
and 

= formal and informal contacts between rig supervisory 


staff and the forecaster are encouraged. 


Meteorological and Environmental Planning Ltd. (MEP) 
nee SN ING LCG. (MEP) 


MEP is an environmental consulting company which has been 
involved in weather and sea state forecasting for the past 
Cen “years. (MEP, 94983)" While not presently providing 
services in the eastern Canadian offshore there recently 
were commitments in both observing and forecasting in the 


Labrador Sea. 


The MEP operation is sophisticated featuring a substantial 
computer operation directly linked to the AES CNCP data 
bank and software developed in-house~ for internal 
manipulation of data. Map and tephigram plotters are 
available, and forecasters can call up plots for areas of 
interest on) a 6, 3 or. 1-hourly basis. Satellite imagery 
received via a K560 photo recorder from SDL is regularly 


used aS an analysis aid. 


AES (and NMC) prognostic charts are used as guidance for 
the in-house prognostic program which consists of 24, . 36 
and 48 hour prognostics. Tie“ shorterterie t24 nour) 
prognostic is a combination of short range hand-applied 


techniques and computer output. 
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Shidsiat State is normally one forecaster and one 
technician. CRT procedures are employed in preparing all 
forecasts and considerable use is made of video graphics 
in monitoring weather and forecast relationships by means 
of time-series. The forecasters are required to have 
Canadian university training to M.Sc. level and most also 
have the benefit of AES training. Technicians usually 
have either AES or CFWS training. All forecasting is done 
in Toronto and is delivered to clients through MEP 
supplied circuits. On-site briefings for clients may be 
made available on a 5-day week basis with emergency 


call-out at other times. 


Verifications of products are regularly maintained by 
correlation between forecast and observation and by 
comparison with persistence and climatology. Skip ain 
forecasting low pressures in terms of central pressures 


and location of centres is routinely assessed. 


Weather ‘Service ‘Corporation (WSC} 


Weather Service Corporation in Bedford, Massachusetts is 
currently providing meteorological services on the Scotian 
Shelf. It is a large, long established (1946) firm of 
meteorological consultants (WSC, 1982) based in the United 
States which provides weather services in a number of 
fields. Staff consists of as many as 30 meteorologists 
providing a 24 hour forecast and weather watch program 
which is strongly supported by computer capability in the 
storage and» manipulation of data, chart printing: sand 


forecast preparation. 


Since the office was not visited no attempt to supply 
further detail is made. Pte iseinderstoodmthatvein their 
present contract on the Scotian Shelf, the company does 
not supply a locally-based weather watch or briefing 


service. 
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SPECIAL AES/INDUSTRY COOPERATIVE PROGRAM 


Since 1976 the Beaufort Weather and Ice Office has 
provided support to offshore exploration in the Beaufort 
Sea. This service, provided under contract to industry by 
the Atmospheric Environment Service, is described in the 
AES (1983d) report. 


They program, Of "thls Orr ice: in “cOObeLaLTOn i wicnerrce 
Forecasting Central in’ Ottawa" provides to vindlstry 4 
meteorological, ice and sea state data service and a 
related forecast program. Seasonal reviews of significant 
storms and day-to-day weather, sea and ice summaries are 
provided along with formal verification of the forecast 


parameters. 


Although no visit was made to this office perusal of its 
most recent annual report suggests its structure should be 


of interest to the eastern offshore program. 
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DEVELOPMENTS IN WEATHER-RELATED PROGRAMS 


Data Acquisition 


Existing Satellite Technology 


Although imagery from the NOAA polar-orbiting and 
geostationary satellites is used in a routine fashion in 
the (preparation (of, forecast = products (for the Easem Coast, 
LtSsp potential’ is not "*beinge fully utilized. For instance 
the Atlantic Weather Centre does not have the capability 
to receive and analyze the digital information coming from 
the satellites. The Pacific Weather Centre, however, has 
a reception - and analysis System under operational 
development (Horita, 1981) which allows colour enhancement 
of the imagery and creation of films showing the evolving 
meteorological patterns from a series of images. These 
analytical techniques have become quite Set eel 
preparing forecasts as they permit detailed study of cloud 
and sea surface temperatures and of the kinematic features 
of pressure systems. Although “the -capabiility.Y of the 
Pacific Weather Centre is not quite state-of-the-art it is 
considerably more advanced than that presently available 
at AWC. 


Anticipated Satellite Developments 


Research in the area of remote sensing has resulted in the 
development of a number of satellite sensors that appear 
to have considerable potential to enhance offshore 
meteorological forecasting. Radar scatterometers, through 
their measurements of wind speeds over a 130 km swath, 
could be of great value not only in measuring offshore 
winds but in defining fronts and wind shift lines from 
those wind fields. Radar altimeters may be employed to 


define the spatial variations in wave height along the 
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Satellite track.and synthetic aperature radars (SAR) can 


be used to determine wave heights. 


Buoys 


The use of meteorological buoys which telemeter their data 
by satellite has been demonstrated quite successfully in 
Canada. Drifting buoys have been used along the East 
Coast. (babrador, principally) -and. the, West. Coast. tortie 
collection of air and sea temperatures and of atmospheric 
pressure. Buoys with fixed moorings have been used in the 
Labrador Sea, Davis Strait” and on the Scotian Shelf to 
measure the standard meteorological parameters (except 
ceiling, visibility and in some cases wave height and 
period). Although the deployments have often extended 
over several months, none on the Fast Coast were 
established on a permanent basis. In, ‘Spite,’ of athe 
usefulness of the data for marine forecasts, Canada does 
not routinely use these systems on the East Coast. The 


reasons are threefold: 


~ the inoperability, particularly of fixed buoys, in 
sea ice; 

- the expense and logistical difficulty of deployment 
and recovery; and 

= the expense of acquisition and maintenance (large 
moored buoys cost about $1 million with annual 


maintenance costs of the same magnitude). 


Although the drifting buoys are cheaper (about $15,000) 
they provide only a small subset of the data available 
from the moored version. Furthermore because they drift, 
they only remain within useful range for about two weeks. 
Hence the frequency of deployment, or recovery and 
redeployment, MEE 0 ike fe Ge Ee (ols. expected’ ' that): the 


meteorological buoys will be required to provide 
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calibrations of the new satellite sensors discussed in the 


previous section. 
7.1.4 Land Based Doppler HF Radar 
ee ee ee ee 


Although not used anywhere in the world at present in a 
routine fashion, a HF skyway radar System has been shown 
to be capable of measuring winds at a site 3000 km away by 
looking at the doppler shifts in the radio waves back 
Scattered from the very short ocean waves (Stewart and 
Barnum, 1.97 Sijre Although the technique is somewhat 
dependent on ionospheric conditions the potential exists 
to measure open ocean surface wind speeds from a land 
based station up to 3000 km away. There is no known 


active research in Canada on this system. 
ioe Communications and Data Processing 
ee a re ee ee ee 


Regional experimentation using satellites for voice 
transmission gives an indication of easier and thereby 
more effective communication between rig and shore 
personnel. Such developments should put forecast office 
capabilities more effectively at the call of offshore 
staff. 


Exploitation of computerized graphical display methods 
coordinated with satellite communications shows promise in 
improving the availability of forecast and observational 
data in the offshore. Indications are that on-demand 
access to these data in the offshore will shortly be 


available through Telidon related systems. 
AES 1s conducting trials with a digital facsimile system 


to produce cleaner, more readable copy, and doing so at 


Speeds up to seven times faster than the existing system. 


Seaconsult 


, So . rs As 
ea aie 
Uh t Was af 
{ ny ¥ 
a ' ; 
q + 
| ‘? h 
‘ ( 
4 y . 
ii ‘ 
iii 
ie 
i 
i= ¢ ie a “4 ae t : 
4 J a? 
1 F 
i 
a 
i 
’ 
i 
‘ 
i , 
j 
; — 
‘ 
i 
4 
ut 
\ 
j 
4 
{ 
il 
1 
' 
' +} 
i 


j of LOD 


bas’, 1¥a03. _sidabee? 


{ 
| “h idle ys 
y : * t oa 
. é 1 ctu tae a 23) 
hare ner aire i eas 8 om daiieliell 4 
ae 
7 ’ 
4 ¥Y ie a * 
pi a TSGKo Nea ohweag 
; 4 7 : boa \4 ¥, 7 7 
oi : i F 4 a) ‘ 
' ; ‘i : ts Cu a 
ae a DL Calera. °- 
re fl Ps . dis Py } 
} : wd eis 1 a tan 
, 2 ee y ' 
) p Tp. eeu Le 
y \ = 7 Y 
, a0) a 
a J wo 
ame |} 
] p F 
: ; f Tyate ’ ft n Chi veg Mb 
i 
ths lee * 
1h ; ad 4 4 ete Ap 
“1 $ ve ; 7?" 
ls f) ‘a 
} " i” bj t \ ' ’ i = oo’ 
; ie ) ww . a7 4 ‘ P [ ko Ff a | 
nm ae wy” 
cine dard me Pte bomen bse | 
. Ai! j - 
ie) 2 hen ‘ - 
i? ite o ; ee 
- &4 he t ie 4 
! feizo sry a . 
’ hes _ ; , p 7) ae oe te) 
° 4 we yc hye a ae nob aa { , 
\ 


ere ‘ pib £ | day 


é 


ath * ) ee A , mapas — Oh De | 
‘ ed ee ater os ae iAzgG " Aa neds 16) esi ‘2 mn 
mY by ; Z Pan: eae ar = P 
ae 
‘i’ i - nce AR, a 
a Mt =a rma — 
iV ; Tas _ ‘ 
fo °C lp fi oe . ae ri a h 
t ‘ A 7 : - 7 
st) Ma TY” s ; a 
A BS ath ae : 


Successes in numerical weather prediction at the European 
Centre for Meteorological Forecasting in Germany using the 
Cray (a Vector computer) has encouraged AES to adopt the 
new equipment. This facility will provide much faster 
execution of the arithmetic operations in meteorological 
modelling. The installation of a Cray at CMC in February 
1984 is expected to improve S-1 Scores, extend forecasting 
skill into Day 6 and improve the uneven performance for 
warnings of severe storms 24 to 48 hours in advance (AES, 
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SPECIAL REQUIREMENTS AND PROCEDURES FOR THE OFFSHORE 


Weather Sensitive Operations 


Most offshore activities are sensitive to one or more 
aspects of weather, and indeed "waiting on weather" may be 
the major cause of downtime in harsh environments. The 
primary activy1t Les, the meterological environmental 
factors and their interdependencies are catalogued in 
Table 3. The activities encompass those associated with 
drilling the well itself and those ancilliary tasks which 
involve diving, supply vessels, fixed-wing aircraft or 


helicopters. 


The environmental factors in this table have been extended 
to include water temperature because 1% is a 
meteorological parameter and daylight, the only one in the 
set which can be predicted with accuracy. Although waves 
result from wind forcing and are more troublesome for most 
activities, there are situations in which wind is either 
an additional factor (such as in resupply from ships) or 
an independent force (e.g. helicopter transport). Hence 


wind and waves are accepted as two distinct parameters. 


In constructing Table 3 the sensitivity of each activity 
to each environmental factor has been considered and 
ranked as strong, weak or no dependence. TO} Keep ste 
activities list to a manageable length, some entries 
encompass a wide range of tasks and the designated 


sensitivity may not apply equally to all such tasks. 


With respect “too vthe satety "drilics activity estos ms 
understood that there is a general reluctance to call 
these drills in foul weather due to the increased risk of 
injury under such conditions. At present, life boats are 


not launched during rig abandonment practices at sea; 
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hence waves, fog and water temperature have no bearing on 
safety drills. Recent industrial reviews of these aspects 
Of preparedness at sea may alter procedures for such 


exercises and thereby increase the Sensitivity to weather. 


It is apparent from Table 3 that offshore Operations may 
be severely hampered by inclement weather. Thus accurate 
weather forecasting would allow Optimization of both 
drilling and service activities. More importantly, these 
inter-relationships Clearly Suggest that inaccurate 
prognoses or untimely delivery of forecasts can complicate 
operations like diving or helicopter Cransport. sand enn 
doing so increase the risk to the lives of offshore 


workers. 
systems Operations Control 


For their operations on the Grand Banks, Mobil Oil Canada, 
Ltd. in St. John's has established an environmental 
Operations group and assigned it the FESPONsSi bidity or 
providing an interface between Shore-based staffs, the 
various weather and sea state offices, and. (the sig 
Operating personnel. This group regularly receives a 
personal briefing from their consultant (presently NORDCO) 
and is prepared, if the Situation appears to be difficult, 
to consult with forecasters in the Newfoundland Weather 
Office and/or the Atlantic Weather Centra, or with staff 
of Weather Services Corporation in Bedford, Massachusetts, 


or the Institute for Storm Research in Houston, Texas. 


This system, by which company consideration of 
alternatives is placed in the hands of Specialists, 
results in a 24-hour operational commitment and provides, 
in principle, offshore staff with a more uniform, more 


Stable and more effective weather and sea state service. 
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Private-Sector Verification 


As an active participant in the Canadian offshore, Mobil 
has taken initiatives in verification. For example, 
NORDCO has been reviewing routine forecasts for the past 
two years and while emphasis was initially directed toward 
the continuing aspects of the weather, attention more 
recently has been focussed on severe events. To date four 
1981 and six to eight 1982 storms have been examined by 
NORDCO for Mobil in rather voluminous reports, copies of 
which were not available at the time of writing. In 
another program MEP Ltd. in Toronto has been verifying AES 
forecasts prepared by AWC for specific Mobil sites near 
Sable Island. 


SUMMARY 


This report contains the findings of Phase I of our 
assessment of the adequacy of observation and weather 
prediction services provided in Support of eastern Canada 
offshore drilling operations. The emphasis has_ been 
placed on documenting the structure of the Atmospheric 
Environment Service and on identifying the flow of 
meteorological data through AES to its regional offices 
and Sto. =private forecasting companies. Through personal 
interviews, we have been able to provide preliminary 
commentary upon generally undocumented factors Such as the 
inter-relationships between the various offices and the 


extent of verification of their data products. 


This description provides the necessary background from 
which we can begin an assessment of forecast adequacy. 
Stage II of the present study will examine in more detail 
the types of data products disseminated by the responsible 
forecast agencies, and forecast performance for a number 
of case-study storms. The emphasis will be on severe 
weather which, as we have found, is Only recently 
beginning to receive the attention it deserves. The 
acquisition and utilization of meteorological data will 


also be examined. 


One of the most difficult aspects of this assessment is 
defining criteria by which one can judge adequacy. It has 
become apparent that little or none of this information is 
written down and accessible through the usual type of 
literature review. Rather, specific criteria may well 
have to come out of long experience at sea or in the air, 
and be formulated by interviewing senior personnel con- 
nected with these operations. We will examine this aspect 
of the problem further in Stage II of the present study 


with a view to recommending approaches to its solution. 
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INTRODUCTION 


PC is self-evident that many aspects of offshore 
exploratory drilling for) ol “and gas are affected, in 
varying degrees, by weather. From two points-of-view, 
safety ‘of “operations “and ereticiency Vol tne: Gadel ing 
program, accurate weather forecasting would appear 
necessary. The present study has described the agencies 
that are responsible for providing forecasting services to 
the offshore (Part 1), and in this report, examines the 
question Of adequacy of the forecast content and 


presentation. 


Our emphasis is on severe weather because these situations 
are most relevant for human Safety and for preventing 
expensive losses of equipment or Operating time (see e.g. 
LeBlanc, 1981). It should be borne in mind that accurate 
forecasts of prolonged fair weather may also be very 
important in planning operations, but are of much less 
interest to safety considerations. This is also a useful 
distinction in terms of how forecast verifications are 
made, Scores or indices which tend to combine fair and 
foul weather performance into one number are not useful 
for documenting how well changes in weather, or the peak 
response in storms, are predicted. We will revurcn stores 
point later in our discussion of performance and its 


relation to assessing adequacy. 


The first report in Part i concentrated On, shnowr.cie 
forecasting agencies in Canada are Organized and how they 
interact to derive forecast information. What we have 
found 1s) a very hierarchial Structure, Crom. national, ito 
regional, to dedicated site-specific forecasting. Groves 
that provide ever more detailed presentations ‘as their 
geographical areas of responsibility diminish in size, 


They all, however, share the same basic information, 
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although one might argue that the Site-specific 
forecasters take better advantage of offshore data 
resources through a kind of small-area focus of 
attention. Wheat iwesrdo mot Sind ss any Slanliicant 
PLE OGUCET ON. OL. sunew technology, with the possible 
exception of the: MEP Company in Toronto, that represents a 
departure from procedures used by the Atmospheric 
Environment Service (AES). Thus we have several kinds of 
forecast presentation, Originating with different 
agencies, but all Flowing out of the same nationally 
Organized modelling and data acquisition programs, and 


derived using the same principles. 


AS part of the assessment of these forecast services, 
recent developments in data acquisition and the use of 
satellite imagery are discussed in this report. These 
will be used here as a basis for discussing the resolution 
of weather systems, in relation to current thinking sin 
mesoscale meteorology. A description of severe weather 
conditions relevant to the Canadian offshore is presented 
next, together with new results from verification Studies 
on seven Grand Banks’ storms. These are followed by a 
description of | forecast preparation and _ presentation 
identified with the responsible agencies. Meteorologist 
staffing, as a problem for maintaining and up-grading 
services is then examined, and our conclusions, “with 
recommendations for further Study, are presented in the 


final chapter. 


During 1983 there were three important scientific events 
timely fo this study. In order these were the Mesoscale 
Meteorology Research Planning Workshop “ain “Toronto. 7on 
January 24-26 sponsored by the Scientific Committee, 
Canadian Meteorological and Oceanographic Society (CMOS); 
the Fifth Symposium on Meteorological Observations and 


Instrumentation in Toronto on April 11-15 Sponsored by the 
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American Meteorological Society; the Seventeenth Congress, 
CMOS in Banff on May 3-5. Proceedings and individual 
papers “from “these conferences. were. consulted quite 
extensively in preparing this report. Another source of 
pertinent anformation |) isz.an ) internal Abo (document) [ne 
Canadian Forecast System Review, A Summary Report" written 
bY’ Pid. Pender: (1983). This document, which PSS 
under review within AES, was useful here inasmuch as it 


provided a perception of the Service from within. 
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DATA ACGUISITION 


Successful weather forecastina depends strongly on having 
data-—that are accurate, “well “distributed spatially, and 
available in a timely manner to the forecast team. These 
data, blended with past forecasts, provide a description 
of present weather upon which the prognoses are based. It 
was logical, given the scope and expense of meteorological 
data, collection Vana tne back that, anti. recently weather 
forecasting was done exclusively by governmental aqgencies 
in, sCanada, that AES “should “he the lead agency in data 
acquisition, quality™control “and transmittal as forecast 
services evolved. Over land an extensive observing 
network; Nas been, built wap) ‘that supports, at Jeast yim the 
view of AES, an acceptable level of forecast service 
through the data acquired. However, difficulties inherent 
in establishing and maintaining offshore Stations 
undoubtedly lead to less accurate and more Sparse data 


over the ocean. 


Those data which are available in time tO prepare danalycis 
products are accessible over CNCP- telecommunication 
networks; they are described in more detail-in Part 1 of 
thvs, nepont. Within thes scope <Of «this work wt eras enot 
been possible to examine how effectively this observing 
and reporting really functions. “It 1S an aréa which could 
be fruitfully examined “in, the, context of this sstiny,. sour 
is less important than the issues addressed here. Poets 
an aspect of forecasting which we recommend for detailed 


Study at a later staqe. 


However, justified by arquments of increased accuracy and 
frequency, and efficient’ transmission of Gata asi well ac 
reduced cost, there has been an evolution “within tHe 
observinq Orqanizations to more automated equipment. 


These developments do have an impact ‘on the ial ty) sO 
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information available to forecasters and hence affect the 
accuracy of predicted weather. Four areas of automated 
(1.e@. mon-human observing) data collection are briefly 
discussed here to point out some of the potential, some of 
the less obvious limitations, and to comment on how they 
affect forecasting over Eastern Canadian waters. The four 
applications concern automated weather stations, wave 
buoys, instrumented offshore structures, and satellite 


imagery. 
are] Utilization of Automatic Weather Stations 
22k ‘hand’ Sites 


In Canada the use of automatic weather stations has 
proceeded to the extent that by 1983 sixty-four have been 
installed (AES, 1983a). Of these, nine are in the 
Atlantic Region. Typically the measured parameters 
include wind speed and direction, pressure, temperature, 
‘and dew point. But because of sensor limitations or site 
restrictions some parameters normally obtained at manned 
Stations are missed -- cloud amount, cloud height and 
visibility are examples. Also because of the need for 
assured power these stations are not always located where 
the data are the most representative or most valuable. 
Thus data from automated stations do not always provide 
the benefits which are available in principle from such 
instruments and may, in fact, represent a degradation of 


information from that available from manned locations. 


Recent developments in sensor and microprocessor 
technology have brought completely automatic weather 
Stations, capable of meeting even aviation requirements, 
to the available or near-available stage (Schmidt and 
Zbar, 1983; Van den Enden and Jansen, 1983; Jurvanen, 


1983). In fact where commercial power and telephone 
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services are available it has been demonstrated that a 
regional observing network can be established using 
off-the-shelf components (Brown, 1983; Pratte and Clank, 
LOO 3) 5 However, full utilization depends critically upon 
having carefully designed and implemented communications 
facilities to handle. the sensor signals. Other problems 
include sensor failure due to weather and the need for 
highly skilled electronics technicians to maintain the 
equipment. For these reasons complex stations are usually 


placed near major population centres. 


Given the remoteness of most’ of Canada's Atlantic Coast 
and the difficulties of siting and maintaining automatic 
equipment there, widespread use of unmanned weather 
stations to expand the observing network cannot be 
expected... IMnus it is unlikely that. forecast accuracy sin 
marine areas can be improved in the near future by greater 
amounts of input land data. This picture could, change if 
private forecasters in «conjunction with, offshore. operators 


supplemented the AES network with additional equipment. 


One example of how installation of an automated station 
reduced the information content in the observing network 
in, the Atlantic. Region. was the. losce Gfigall. (ck aga 
visibility data upon replacing the manned station at Cape 
Race, Newfoundland. This. left a large segment of. the 
coast with a reduced level of data pertinent to both air 
and vessel operations, that. is detrimental, tornmexanpla, 


to alr-sea rescue activities in the area. 

2ele2, Ocean Weather Buoys 
The deployment of ocean buoys to obtain meteorological and 
sea state data has increased ,greatly. in. recent. years 


because of the loss of weather ships in the western North 
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Satellite-based communication systems has been very 
important in the development of buoy networks (Vockeroth 
and di Cenzo, 1982; Petrie and Lively, 1979; Hamilton, 
19982s"Schmadc® and iZbaryd 986 3 sevyocKerothmet Jala? 19383). 


While experience has been gained in eastern Canadian 
waters with both tethered and drifting buoys the problems 
presented by severe weather and ice in the first instance, 
ands *theoGshorey vusef aie idataitacquisi tron Sberniiod), in sthe 
second, has inhibited their operational deployment. The 
key problems with small free-floating or tethered buoys 
include the vulnerability of the small platforms and 
sensor packages to weather damage, and the trade-off 
between the number and type of sensors with power 
requirements, deployment period and data amount for 
transmission. These problems are not easily overcome at 
acceptable cost, and for reliable data collection, much 
larger platforms (ships) are desirable. Thus it appears 
that ocean weather’ buoys have '‘a.°low potential for 


extending the observing network offshore. 
Shipboard Weather Stations 


Two programs to gain reliable offshore data have recently 
been initiated. The first, based on the Argos data 
collection system (Vockeroth et al., 1983) is a program to 
equip eight vessels on the Canadian east coast with data 
platforms to provide air pressure and temperature 
information and, in some cases, to add keypads for the 
transmittal of manual observations. Such a system would 
have direct benefit to the east coast weather and wave 


forecasting programs. 


The second, an automated shipboard aerological program 
(ASAP)* (Cole'‘et Jal@.,\°1983) DE operdtionally successful and 


if widely implemented would provide extremely valuable 
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upper air data in the vast data-sparse oceanic areas. 
More directly, perhaps, such a program could provide lower 
atmosphere winds and temperatures in the immediate 
Gtishoue tareasuwhichapweuld beilofe gqreateibemeritieto™ eae 


forecast meteorologist. 


GCanadianescient ists eane-tdeephy involved tin athe idevelopment 
of automated shipboard observing platforms, a situation 


which should provide early benefit to the offshore. 


Wave Buoys 


At present there are no wave measuring buoys dedicated to 
supplying data in real time in eastern Canadian waters 
other than Waverider buoys deployed near exploratory 
drilling rigs Data from these instruments are recorded 
on the drilling vessel where they are interpreted by 
weather observers using MANMAR (AES, 1982) procedures. In 
general a significant wind sea height and period are 
obtained every three hours and transmitted to shore. 
Additional information on swell is also provided. These 
data are useful for initializing sea state prediction 
models but because they represent only point measurements 
are very limited for describing a wave field in space. 
Moreover, most of the data are clustered around centres OF 
drilling interest -- Hibernia and Sable Island recently -- 
and thus do not present a uniform distribution of data 


points. 


Most wave data collected near Sable Island is influenced 
by the island or the surrounding banks. This includes the 
effects of sheltering, refraction and shoaling. None of 
the wave prediction models presently in use (METOC and the 
private, forecasters);\expliciuthyitakess these efifectsnanto 
account; thus, the Sable Island data must be used with 
extremes icCautbonehkin conjunction stwith®sdeept iwater) wave 


prediction models. 
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Waverider buoys have been successfully modified to 
transmit wave data via satellite (L. Adamo, 1983, pers. 
comm.) and are routinely deployed for climatological 
studies in remote areas. Unlike Waveriders these new 
buoys compute a wave variance spectrum every three hours 
and transmit a set of energy density values. This allows 
one to recover the spectrum and calculate significant wave 
height and period from it. However, the original wave 
trace is lost in the compromise between minimum 
transmitted data, onboard storage and power/size 


requirements. 


These buoys, like their weather counterparts, suffer from 
many of the same problems: they are disfunctional in sea 
ice, subject to spray icing in winter, with subsequent 
loss of data, and require periodic servicing. The 
tether/mooring systems can also fail with total loss ofa 
rather expensive piece of hardware. In view hafeitnese 
problems, and limitations of the data, it is not expected 
that wave observing by means of buoys will expand 


significantly in the near future. 


Of greater potential interest are techniques of remotely 
sensing the sea surface using SAR and radar altimeter 
sensors mounted on satellites. These provide a spatial 
description of the wave field over a short period of time 
which is, in principle, more compatible with 
initialization of wave prediction models. Realistically, 
operational data from satellites is at least 10 years 


away. 
Instrumentation of Offshore Structures 
When an offshore rig is moved into place in Canadian 


waters there is a commitment on the part of the operators 


to provide weather and sea _ state observations (COGLA, 
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19:38) « Instrumentation, observer training and program 
monitoring are AES responsibilities; observing practices 
are specified in detail in the MANMAR publication. AS 
noted above for wave data, the meteorological parameters 
are also radioed ashore at regular intervals: and enter the 
data distribution network. Like instrumented ships, these 
rigs provide a valuable extension of the observing network 


offshore. 


The most critical of the meteorological installations is 
the wind anemometer which is placed as high as possible, 
usually on the derrick. ais) 1s An accordGiwi th eocurnenc 
thinking (Dobson, 1980) on making the _ best possible 
measurements of marine winds. However, these anemometers 
are often very high (60 m above MSL) and subject to wake 
effects ucaused: by-cthe «structune, Gurrent i practice is» to 
neglect the effects of flow distortion (a Gi fit cant 
problem even for simple structures), and the height of 
measuremen eypnand to ereport ,the anemometer winds directly. 
A one-minute visual estimate of wind speed is made which 
is equated with the one-hour mean wind speed. Thus, 
because of differences in anemometer heights reported 
winds do not appear to be consistent within the offshore 


observing network. 


The wind data are particularly valuable to the forecaster 
when preparing the analysis charts. The inconsistencies 
between rigs, and the winds reported from ships in 
transit, are recognized in a qualitative sense and broadly 
allowed for as the analyst deduces details of the weather 
system. Because of the large scale at which he works 
individual errors in wind speed, of perhaps as much as 20 
percent of the wind at 10 m, tend to get smoothed out and 
don't contribute an equivalent error to final system 
description. As these procedures become more automated, 
howevemy thisiihumaniegudgement factors lsisinjidanger of 


becoming lost to the detriment of the final product. 
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Wind speed errors are of potentially greater concern to 
wave prediction schemes. Depending upon how models are 
re-initialized using marine wind fields, systematic errors 
in input winds may result in large systematic errors in 
predicted wave fields. The difficulty lies in the wave 
modeller not knowing what the available wind information 
really measures because of lack of information on the 
distribution network. As Canada moves into more enhanced 
wave prediction procedures (discrete spectral models) this 
lack of uniformity in reported marine winds will need to 


be rectified. 
Satellite Imagery in Operational Forecasting 


The ability to acquire and disseminate satellite images 
showing weather systems that cover substantial continental 
and oceanic areas (Figures 1 and 2) represents one of the 
major breakthroughs of modern meteorology. Their visual 
impact is enormous since they integrate widely dispersed 
point-observations into a whole picture -showing the 
Spatial structure of the atmospheric system, and their 
most common use has been and continues to be as a central 
aid to preparing synoptic analyses. As numerous authors 
(plerson, 1983auSchmidt. and Zbar, 1983; Vockeroth et al, 
1983: Diehl et al., 1983) have pointed out, satellite 
imagery will continue to modify weather observing and 
forecasting practice; aS .1t does’ So it) iss reasonable: co 
expect forecast accuracy to improve over eastern Canadian 


waters. 


Presently the use of satellite data in operational 
forecasting is based largely on imagery distributed by the 
Satellite Data Lab, Toronto and on the developmental work 
underway in Vancouver (Horita, 1981; Diehl et al., 1983). 
In the Atlantic Region the SDL imagery is’ regularly 


consulted in all offices but is done so visually as one 
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Figure 1. An unenhanced visual range GOES satellite 
image. 
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Figure 2. An enhanced infra-red range GOES satellite 
image. 
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source of data in preparing weather analysis and forecast 
charts. Effective means of quickly viewing, successive 
photos are not available, a problem which is difficult to 
resolve due partly to a lack of hardware and financial 


WesQuwBces. 


It appears that one of the most powerful ways to take 
advantage of satellite imagery is, in fact, ‘to be able to 
manipulate sequences of images by computer. In this way 
the meteorologist can see weather systems move, and change 
as they do so. It is the changes which are particularly 
important: they provide valuable insight into what to 
expect of the weather system as it evolves further, and 
thus are fundamental to prognosis. Obviously the lack of 
this type of equipment in Atlantic Canada must limit the 
weather forecasts issued there. However, it is not yet 
possible to quantify .what constraints. result, (nor to 
estimate the end effect these have on exploratory drilling 


operations, if any. 
Meteorological Scales 


As data acquisition improves through better sensors, a 
denser network, and. better communications, more detailed 
information on weather features becomes available. 
Research into the physical processes governing weather 
systems makes use of this information on different time 
and length scales. An understanding of these scales is 
fundamentally important to understanding meteorology, but 
is equally important to assessing the impact of weather 


and weather forecasting on offshore operations. 


In the development of modern meteorology the charts upon 
which the simultaneously observed weather observations 
were plotted became known as synoptic charts and the study 


of the elements identified on the charts as synoptic 
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meteorology. The observations were gathered on land from 
Stations which were seldom as close as 60 n.m. while over 
the oceans ship reports were usually much more widely 
separated. The familiar “synoptic scale ,hign ~'and® low 
pressure systems and fronts were identified on such 


charts. 


As newer observational systems, including radar and 
satellite, became available and meteorological knowledge 
grew it became possible to identify smaller atmospheric 
features, usually interactive with the larger synoptic 
systems, that had an important bearing upon weather and 
sea conditions. The importance of the "mesoscale" in 
meteorology over the oceans and elsewhere has been 


recognized (Hewson, 1983a; Beran, 1983; Sanders, t972Zb). 


Three sub-scales of meso-meteorology have been identified 
(CMOS, 19834, 1983D).: (1) mesoscale a (200-2000 km, 1-3 
days) weather fronts’ and extratropical cyclones? (2) 
mesoscale 8 (20-200 km, 2-24 hours) cloud clusters, rain 
bands, squall lines; (3) mesoscale 6 (2-20 km, 0.5-2 hours) 
thunderstorms, internal gravity waves, urban effects. An 
upper limit of 1000 km has also been suggested for the 
mesoscale % dimension since this appears to provide a more 


comfortable relationship with the usual synoptic scale. 


An earlier definition (Sanders, 1972b) assigns to the 
mesoscale those atmospheric phenomena smaller than the 
scale of the migratory high- and low-pressure systems 
(inescne synoptic scale) .but largerpenan surface boundary 
layer phenomena. That is, the mesoscale is concerned with 
atmospheric entities which exist between meteorological 
stations or at least beyond the range of normal 


observation from a single point. 
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In any event, as the time and length scales decrease the 
phenomena of most interest are associated with 
increasingly | Intense Jevenus. In some respects’ the 
synoptic “scale can be regarded as a kind of time/space 
average which smooths out the variability found at these 
mesoscales; presently, however, only the Ssynopturc, Scare 
can be predicted with confidence. This is, ‘perhaps, 
understandable when one considers how: closely tied 
together the marine forecasting agencies are, both Bin 
terms of the common data bases used and their shared 
approach of forecasting over large oceanic areas from a 
central facility where the emphasis rests on synoptic 
weather trend prediction. If we consider the problem of 
predicting -shortecerms Gas few minutes to a few hours) 
changes in, for example, one-hour mean winds, gust winds, 
or heavy precipitation, at a particular tig location Gne 
Gan. “see -that’ the»Mpresent) approach, is incapable of 


responding. 


The same situation is true also for sea state. METOC 
charts) (Figune 3)f prayvide/ only a "synoptic" description of 
the wave field that is by its appearance highly smoothed. 
Although the quality of sea state information may differ 
from the ocean-wide discrete Spectral wave models (see 
e.g. Earle, 1981; Cardone and Ross, 1979; Golding, 1972) 
the spatial resolution is only a little - better ~ (py 
considering propagation effects crossing seas can _ be 
identified, but this is not routinely done). An example 
of a contoured significant wave height field produced by 
the U.S. Navy GSOWM model is shown in Figure 4. Present 
understanding of atmospheric variability is..fara~noecter 
than our understanding of spatial variations in 
storm-generated wave fields; thus while one suspects 
predicted wave fields are smoothed like their atmospheric 
counterparts, there is little evidence to confirm or deny 


this contention. 
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Example of a METOC significant Wave height 
field presented on the analysis chart showing 
observed information. 


Figure 3a 
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Figure 3b Example of a METOC significant wave height 
field predicted for 36 hours. 
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This problem is made more difficult because significant 
wave height -- usually the key parameter that is 
forecasted for storms -- 1S a statistical measure of sea 
State intensity. While one can estimate the largest wave 
height associated with it by invoking yet more statistics, 
absolutely no information can be gained on wave grouping, 
the formation of episodic waves, or crossing 
characteristics which can lead to high, short-crested 


breaking seas. 
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EXTREME WEATHER CONDITIONS 


There are several severe occurrences in meteorology which 
Gause ‘gréati concern. to jortshore operators in Eastern 
Canada. These are hurricanes, explosive deepening of 
atmospheric waves, certain mesoscale systems, freezing 
Spray and unusually severe, crossing sea states. These 
are distinguished here From other synoptic-scale 
extratropical storm systems because they present the 


forecaster with extraordinary difficulties. 


Hurricanes 


In their formative areas over the warm waters of the 
Southern North Atlantic tropical storms and hurricanes 
tend to be slow moving, but not necessarily easy to 
forecast (Wendland, 1977; Crutcher et al., 1982). Should 
one, in its degenerative phase, reach the eastern Canadian 
offshore it is usually moving much faster (Clark, 1983), 
buts aremains difficult ato; forecast. However, with the 
cooperation of American forecasters together with GOES 
satellite imagery, the chance of a hurricane arriving 
unannounced in Canadian waters has been effectively 
eliminated. Nevertheless they remain a very dangerous 
weather phenomena that tax the Skills. wot sLrorecasverd 
dealing with them. The chief problems have to do with 
predicting the change in their pressure structure, and the 
trajectory of the low, as the system evolves. Both 
aspects directly affect the magnitude and persistence of 


peak winds and sea state at any particular location. 
Explosive Deepening 
Rapid cyclogenesis or deepening of storms moving generally 


from the southeast toward Canadian offshore waters occurs 


frequently, most often in the winter season. More than 20 
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such storms are found off the New England coast each year 
(Hayden, 1980) while on a monthly basis eight or so are 
observed to move toward Newfoundland (Bursey,’ 1977). Only 
a small number of these deepen explosively (Sanders and 
Gyakum, 1980) but enough do to present a drier ce 
forecast problem. These storms have SYNOptic Scales, are 
readily detected by the marine observing network and can 
be analyzed on synoptic charts; as noted above for 
hurricanes the difficulty lies in predicting the rate of 
change of central pressure in the low, which 1S very 
rapid, and its speed and direction of translation, both 
affecting the maximum wind speeds and wave heignts™ at “a 
site. They are not to be confused with mesoscale events 
that may escape early identification by passing between 


observation points at sea. 
Mesoscale Events 


There are certain situations when extreme winds are found 
in squalls or other similar small, intense storms over the 
ocean. Two examples can be described to illustrate the 


phenomena. 


Sanders (1972a, 1972b) has discussed two sets of small- 
scale storms, about 10 hours apart, which formed as 
thunderstorms in a low pressure trough over Virginia and 
subsequently tracked cut over the ocean disabling several 
racing sailboats in the June 1970 Bermuda Race as they did 
SO. These storms were characterized by sustained 50-kt 
winds on their southeast side, and dynamically similar to 
tropical gales, tracked eastward at speeds of about 
50 kt. They were so localized that at distances of about 
80 n.m. away from the observations of gale force winds, 
peak gusts were observed no haigher= than’ -27-oKts Sanders 
(1972b) aiso describes the occurrence of a squall line, 


formed in conjunction with higher-than-normal sea surface 
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temperatures, in advance of a cold front associated with 
an intense cyclonic weather system originating in the Gulf 
Of Mexico, As this squall line moved eastward over 
Florida “and out, to sea’ ‘peak -qusts, of (up) to. 00 “kt were 


reported. 


The other phenomenon, occurring in Arctic regions, is the 
"polar cold low"; these are responsible for many fish boat 
losses off northern Norway and have been studied there by 
Rabbe (1975). They have also been found in the Beaufort 
Sea (Hodgins et al., 1981; Hodgins and Harry, 1982) and in 
the wave hindcasting context by Hodgins (1983). These 
storms, comprised of cold air, form over ice or snow 
covered areas; as they migrate over the open ocean they 
absorb heat and this sets up strong convection leading to 
a small but intense cyclone. Gale force winds are 
commonly observed in these storms. In areas where the 
observing network is Sparse, these systems can escape 
detection after they have formed, and are difficult to 
predict in advance of becoming established because little 
is known, as yet, of their dynamics and conditions of 


genesis. 


These conditions are essentially unforecastable with 
present observing practices and prognostic methods 
focussed on synoptic scale systems. Even when they are 
observed, for example, in satellite images, forecasting 
their evolution is virtually impossible because of 
presently poor knowledge of their dynamic processes and 
their interaction with larger-scale circulations in which 
they are embedded. The major danger posed by these 
mesoscale events seems to be in the sudden increase in 
wind speed as they pass, and perhaps loss of visibility 
due to precipitation. Helicopter and supply boat 
operations are obviously susceptible to these rapid and 


localized changes in weather conditions. 
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Spray Icing 


Because the necessary conditions of fast moving, very cold 
air over cold sea water occurs quite often along Canada's 
east coast, = freezing, | Ob spray .)0On ;ppoate presentsr aia 
potentially serious hazard. As a response to the problem, 
the AES commissioned a study (Environmental Applications 
Group, undated) which reported on many aspects: Of) the 
Spray icing problem and reviews both subjective and 
objective methods available For forecasting icing 
occurrences. They “have concluded » that several Ofte 
recent numerical icing models (e.g. Kachurin et al., 1974; 
Stallabrass, 1980) could be implemented for routine 
forecasting use but that some improvements might be 
realized by incorporating attributes from several models 
into one predictive algorithm. Tne. MajOricy. tor. rein, 
models are based on a quasi-steady heat balance equation, 
and contain uncertainties in formulations of the physics 
in’ some, terms, “anan in eneat ) transfer, ,coeliicients iain 
others; these shortcomings necessarily limit the accuracy 
of predicted ice acretion rates. But, from a forecasting 
standpoint — prediction GE the hydrometeorological 
conditions likely to produce vessel icing remains the key 
problem. Spray icing depends upon knowing low-elevation 
winds, air temperatures, sea water temperatures, wave 
conditions and information on the vessel, its heading, 
speed and basic configuration. Under circumstances where 
these conditions have subsynoptic scales, their prediction 
is very tenuous at best, and the use of physically-based 


deterministic models would be unwarranted. 
Crossing Seas 
Crossing seas refer to conditions where waves propagating 


in two adatfferent directions. intersect, to form, snort— 


crested, steep, breaking seas. These are particularly 
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dangerous for small craft operation, including search and 
rescue and emergency evacuation. They are produced in 
three ways: combinations of swell and locally generated 
wind seas, refraction by bathymetry (West Bar of Sable 
Island is notorious) and refraction and shoaling by ocean 


currents. 


The most important case of the first cause is associated 
with severe east coast weather systems that move 
northeastward more rapidly than the phase speed of the 
large waves they generate. These storms can, for example, 
outrun large waves formed on the Scotian Shelf, and LE 
they slow down over the Grand Banks create locally severe 
seas there which within a few hours begin to feel the 
Scotian Shelf waves that have propagated along behind the 
storm. These "swell" waves will have long periods (15 to 
20 s) and will generally have a different mean direction 
than the locally generated wind sea. Each system of waves 
will contain substantial energy and the combined crossing 
sea states will be irregular and, perhaps, rather severe 


in terms of vessel behaviour. 


Clearly,’ formation:..0£ “such sea states depends upon the 
character of an individual storm and the particular 
trajectory it follows up the Atlantic seaboard. The level 
of meteorological detail required to predict and describe 
these conditions goes well beyond wave forecasts routinely 
prepared now with parametric significant wave height 
models. It would be possible to simulate the generating 
processes using discrete spectral wave models coupled to . 
large scale numerical wind models but this is not 


presently done in Canada. 
Crossing seas produced by refraction, either depth or 


current induced, are localized phenomena, often well known 


to fishermen, but with scales too small to be considered 
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forecasStable. The basic physics describing these 
processes is well enough known to construct mathematical 
models that could be used for prediction. However, in 
common with many other aspects OF meteorological 
modelling, there is still sufficient uncertainty that more 
research,, and particularly field data, is required to 


yield procedures suitable for routine forecasting use. 
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FORECAST PREPARATION AND PRESENTATION 


In the last two chapters we have reviewed some recent 
developments in data acquisition that, in principle and/or 
in practice, serve to upgrade present-day forecasting, and 
we have discussed some examples of severe weather that are 
either unforecastable, or because of special features, 
give forecasters difficulty and lead to prediction 
uncertainty. We have drawn attention to the fact that 
on occasion the severest weather is associated with 
subsynoptic, or mesoscale events, that nave short time 
scales and are very localized. In this chapter we shall 
comment on some aspects of how forecasts are prepared and 


presented to end users. 
Preparation 


The weather and sea_~ state forecast, warning, and 
information services to the eastern offshore regions of 
Canada are supplied by AES. and private contractors. The 
relationship of these organizatons is discussed imMPare wi 
Of thas, report. For a given area no less than four 
forecasters may be immediately involved: the AES marine 
and airways forecasters, the CFWO sea state forecaster, 
and the forecasters of private companies writing site 
specific, route or even area weather and sea- state 
forecasts for clients within the AES area of 
responsibility. In addition personal briefing services 
into the area are offered from conveniently located 
presentation offices or through the forecast offices 
themselves. When’ it’™°* is’ “"turther’ recalTed witthatw these 
specialists are supported by the @staffis “of "the *Atlantic 
Weather Central and Canadian Meteorological Centre in 
Canada, and to a degree by the staff of the National 
Meteorological Center and the Hurricane Forecast Center in 


the United States, the rather considerable resources 
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devoted to the solution of offshore meteorological and sea 


state problems may be realized. 


Because of the large size of this system, there exist 
redundancies in data dissemination and prognosis services 
which may work to the detriment of users. The following 
comments summarize Our own opinions and findings from this 
study, along with those of others, in the area_of torecast 
preparation. No attempt iS made here to describe 
forecasting methods; this is a subject far too specialized 


and extensive to be addressed in the present report. 


yy) Pender (1983) argues that too much numerical guidance 
is available to forecasters at the operational level and 
that it would be more efficient and just as effective if 
only the best ipregnostic ‘solution, instead of (several 
options, were presented to, the duty forecaster: Studies 
by CMC meteorologists (Gladstone, 1981; Boucaud, 1982) 
appear to support this view. This reflects the large 
volume of material disseminated by CMC and the regions to 


the staff meteorologist who must make the area forecast. 


2) The Canadian Air Transportation Administration in the 
Atlantic Region requires that the AES issue site specific 
rig forecasts as well as area forecasts when helicopter 
operations are involved. In the summer of 1983 this 
required the NWO airways forecaster to issue as many as 
three area forecasts and seven rig forecasts in addition 
to his regular airways commitment. Dissemination of this 
many forecasts, which are duplicated by other agencies, 
tends to degrade the information content of the forecast 
presentation simply because local ~ personnel ‘are (left 


without sufficient time for analysis. 


3) Me forecast service ‘provided under. contract, to 


offshore operators by private companies follows 
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established guidelines (COGLA, 1983) and is well organized 
(see eu. NORDCO, OSS). Forecast structure and 
terminology is well defined and verification procedures 
are documented. However, a lack of ‘formal, “internal 
prognostic procedures as a basis for forecast decisions 
that extend some distance into time (e.g. 36 to 42 hours) 


appears to be a program weakness. 


4) Although forecast services have been developed on an 
hierarchical basis it is very difficult to effect useful 
discourse between forecasters at various levels when a 
difference of opinion exists (Pender, 1983). Thus 
problems may go unresolved, and the combined wisdom of 
several experienced analysts seldom gets applied to 
difficult, situations. to forecast. In many cases tnese may 


involve severe weather. 


5) The lack of direct contact between the forecaster and 
the user also is a service weakness. The utilization of 
graphics to improve presentation may better the situation, 
as may the establishment in companies with larger offshore 
operations of "environmental operations centres" to 
provide the interface between the forecast service and the 


ultimate user. 
Presentation 


The forecast meteorologist must reduce the complex 
three-dimensional, dynamic atmosphere and its evolution 
out to about 48 hours, down into a few easily comprehended 
parameters so that he can communicate his forecast to 
intended users. Over the years a plain language procedure 
has been developed by AES, describing weather systems 
(lows, gales, storms) and key parameters (wind, snow, 
rain, fog, visibility, temperature and freezing spray) 


essentially for public: consumption. Examples of marine 
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area weather forecasts and weather warnings, issued by NWO 
(AES) are shown in Figure 5. These messages are useful to 
Mariners who serve an apprenticeship at sea, and who 
through experience come to learn what these outlooks mean 


iy Germs Of theic own cratt and activities. 


Clearly these prognoses do not attempt to give information 
on wind speed, temperatures, or visibility, that resemble 
the detailed history of an event, or what one would 
measure with an instrument during the valid period. MThis 
isi'-indicated by the very fact’ ‘that AES does not ‘attempt to 
define the forecast parameters in a mathematical way, 
e.g. defining wind speed as a time average over a specific 
period. Rather these parameters are indicators of what to 


expect for severe marine conditions during the valid time. 


Similar information, abbreviated yet more, is provided in 
the AES, (NWO).-aviation. ,and. rig, ,terminal, forecasts, An 
example is shown in Figure 6. These forecasts are 
unintelligible to the non-specialist. They do not provide 
much more information than the marine area forecasts and 


hence contain weather parameters having the same meaning. 


Private agencies,, but particularly. NORDGO, (1983), have 
attempted to present forecasts in a more precisely defined 
manner. This has been done in two ways: by carefully 
defining what individual weather parameters mean, 
mathematically where possible, and by the presentation 
format. The parameters used by NORDCO, by way of an 
example, are shown in Table 1. An added element of 
precision is included by attempting to forecast wind speed 
and direction parameters at the anemometer elevation on 
the rig; this enables quick comparisons between predicted 


and measured winds during normal operations. 


The format of NORDCO"S forecast for ‘sSpecific) rigs, as 
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FPCN20 CYUK 031530 

PART 1 UF e 

OFFICIAL WERFOUNULAND MAKINWE FURECAST ISSUED BY ENVIRONMENT 
CANADA FROM TRE GANDER WEATHER OFFICE AT NOON WST ON THURSDAY 
03 JANUARY 1980 FOR TODAY ANDO FRIDAY. 


BELLES SLE 

BELLE ISLE RANK. 

STORM AND FREEZING SPRAY WARNINGS CONTINUED. 

wWINOS LIGHT IACKEASING TO NORTHEASTERLY 20 KNOTS THIS EVENING 
AND TU NORAHEASMERLY GALES 35 T0745 TONIGHT. NORTHERLY GALES 
BS T0 55S ON FRIDAY. VISIBILITY LOWERING TO FAIR IN SNOW BY 
THIS EVENING. FREEZING SPRAY DEVELOPING TONIGHT. TEMPERATURES 
MINUS 5 TO M{NUS 10. 


HARRINGTON 

WEST COAST. 

STORM anD FREEZING SPRAY WARNINGS CONTINUED. 
NORTHEASTERLY wintS 20 KNOTS INCREASING TU WORTHERLY GALES oo0ne 
4O THIS EVENING ANO TO WORTHWESTERLY GALES 45 JQ 55 FRIDAY 
MORWING. VISIEILITY GOUD LOWERING TO FAIR IN PERIODS OF SNOW THIS 
AFTERNOON. FREEZING SPRAY DEVELOPING TONIGHT. TEMPERATURE NEAR 
MINUS 3 FALLING TO MINUS 10 OVERNIGHT. 


SOUTH CUAST 

EAST COAST 

FUNK ISLAND BANK 

NORTHERY RANE GANKS. 

STURM WARNING COwWTINUED. 

FREEZING SPRAY “ARWING CONTINUED FUR COASTAL WATERS. 

EASTERLY w1ADS 25 TO 3G KKOTS INCREASING Tu NORTREIASTERLY 

EAMES Soe Las e Te tid oe FeneL iG AND TU NURTHAESTERLY GALES 45 TO 
SS FRIUAY PChi Tw. VISTBILITY FAIR IN RAIN ANO SNOW AS" POUR IN 
FOU PATCHES TCUAY. FAIR In PERIOUS GE SNUW ON FRIDAY. FREEZING 
SPRAY DEVELUPING GVER CUASTAL WATERS FRIDAY. TEMPERATURES 

MINUS 2 10 PLUS 3 TUDAY FALLING IC MINUS 2 TO MINUS 6 ON 
FRIDAY. 


END PART CNE. 


piqure —5 Marine weather forecast issued by the Newfoundland 
Weather Office of the ABS. 
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WHONT CYWX 261330 
WIND WARWING FOR EAST COAST GE NEWFOUNDLAND AND WEST COAST DANIELS 


HARBOUR AND NORTH TSSUFD BY ENVIRONMENT CANADA AT 1100 AM NDT SATURDAY 
26 SEPTEMBER 1981. 


A LOW CENTERFCO AORTHFAST GF CAPE FREFLS THIS MORNING WILL CONTINUE TO 
INTENSIFY &S TT MOVES NGRTREASTWARD. STRONG NGRTHWESTLY WINDS HAVE 
DEVELUPED BERING IT AND ARE EXPECTED TO CONTINUE TO STRENGTHEN OVER 
NORTHERN ANC FASTERN SRFAS THIS AFTERNOON. GUSTS TO 100 KM/H CAN BF 
EXPECTED IN FXPOSED ARFAS OR THE FAST COAST AND NORTHERN PENINSULA BY 
THIS EVENING. TEE WINDS WILL NIMINISH SLOWLY GN SUNDAY AS THE LOW 
MOVES FARTHER AWAY. 


END 


WWON CYOX 2613106 

STORM wORNING FOR BFILF ISLE FAST COAST BELLF ISLE BANK FUNK JSLAND 
BANK AND THE NOKTRFRH GRAND RANKS MARINE AREAS ISSUED BY FNVIRONMENT 
CANADA AT 1040 AM NDT SATURDAY 26 SEPTEMBER 1981. 


A LOw CENTEREC SORTHFAST OF CAPE FREFLS THIS MORNING WILL CONTINUE TO 
INTENSIFY 4S IT MOVES NGRTHEASTWARD. NORTHWESTERLY GALES HAVE 
DEVELGPE) BEING IT AWD ARE FXPECTEOD TO CONTINUE TO STRENGTHEN OVER 
NORTHERN ANC EASTERN WATERS TO RFACH STORM FORCE BY THIS EVENING. . 
THE GALE WARNTRGS HAVE BEEN UPGRADED TG STORM WARNINGS OVER BELLE ISLE 
FAST CUAST RELLF ISLF RANK FUNK TSLAND BAWK AND THF NORTHERN GRAND 
BANKS MAKINE SEAS. 

MORE CETAILS KILL RF CARRIFO TN TRE NOUN WEN FGUNDLAND MARINE FORECAST. 


END 


WWCN1 CYWUK 2€5¢¢355 

GALE wORninG FGF SOUTH COAST FAST CO4ST AND ALL GRAND BANKS MARINE 
ARFAS ISSUED FY FRVTRONMWENT CAnAiD& AT C803 FM MOT FRIDAY 

25 SEPTEMNER 1961. 


A LOW NEAR THE RIIRIN PFWINSULA IS FXPFCTED TO DEFPFN AS ITT MOVES 
NORTHEAST@ARDS ACROSS IRF ISLAND TONIGHT. NORTHWESTERLY GALES 
DEVELUPING BERTiVD THF Lue ARE FXPECTFO TO AFFECT ALL NEWFOUNDLAND 
WATERS BY MORATiWG. DFTATLS ARE GIVEN TN THF REGULAR MARINE FORECAST. 


END 


Figure 6 Marine weather warning issued by the Newfoundland 
weather Office of the AES. 
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Aviation and rig terminal forecasts issued by 
the AES. 


Figure 7. 
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Table 1 


Weather and Sea State Parameters used by NORDCO Ltd. 


PARAMETER NAME 


Wind Direction 
Wind Speed 


Maximum Wind Speed 


Maximum Gust or Squall Speed. 


Significant Sea Height 
Maximum Sea Height 

Sea Wave Period . 
Primary Swell Height 
Secondary Swell Height 


Primary Swell Direction 


Secondary Swell Direction 


Primary Swell Period 
Secondary Swell Pericod 
Significant Combined Sea 
Maximum Combined Sea 

Air Temperature 

MSL Pressure 

Visibility 

Sky Cover 

Weather and Obstructions 


Freezing Spray 


TneThelye Forecasts 


METRICS UNTTS 


Strue 
metres/second 
metres/second 
metres/second 
metres 

metres 
seconds 
metres 

metres 

Ptrue 

“true 

seconds 
seconds 
metres 

metres 

Ks 

millibars 
metres 

tenths 

N/A 

cm/day 


IMPERLTAL UNITS 


“true 

Knots 

knots 

knots 

feet 

feet 

seconds 

teet 

feet 

°true 

°true 

seconds 
seconds 

feet 

feet 

A> 

inches Hg 
nautical miles 
descriptive terms 
N/A 


descriptive terms 
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Lilustrated) “inaarigure te. Following “an; ddentiticatron 
header, plain language warnings can be given as 
appropriate. Weather parameters are specified next in 
tabular format under valid times given to specific hours 
local time. A plain language synopsis describing long 


range trends can also be included. 


It 1s worth noting that NORDCO defines the mean wind speed 
to be a 6-hour average representative of the valid period 
Gf the forecast 2 i. The ‘maximum wind speed’ sis interpreted as 
the highest value of the one-minute means measured at the 


anemometer and read every one or three hours. 
Comments on Presentation 


The amount of information contained in the above 
presentation formats is extremely low for the 
non-specialist user, i.e. for persons without a knowledge 
of meteorology. As already noted earlier, all forecasting 
agencies have a very symbiotic relationship since they all 
receive the same information, over the same networks, and 
use much the same forecasting methods. As a result their 
forecast productS are similar also and approach the 
description of weather, present and future, the same way. 
Because meteorological practice focusses on the synoptic 
scale, and essentially tries to ignore subsynoptic scale 
effects, the apparent lack Of definiteness, or 
"orecision," in forecast parameters may in fact be 
entirely justified. The format adopted by the private 
forecasting agencies appears more scientific and may, as a 
result, imply a precision (e.g. in wind speed or wave 
height) which is not really there since their procedures 
differ little from those of AES with respect to mesoscale 
phenomena. This point will be discussed further following 


forecast verification in the next chapter. 
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Figure 8 Example of a NORDCO forecast for two 


rigs on the Northern Grand Banks. 
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Given ‘the level ‘of “ellectronic “technology ‘used yon 
exploratory) \drikiing units, these Simple parametric 
descriptions of weather elements, transmitted verbally and 
by teleprinter, seem surprisingly unsophisticated. Colour 
graphic displays of spatial/temporal changes in weather, 
related to wind and sea state parameters geared directly 
to downhole, supply and helicopter operations, and 
integrating real-time measurements (ice and weather 
radars, long-range wave measurements) are realizable with 
present technology. However, the relevance of the 
increased information levels in this type of approach, to 
decision makers involved in the hour-by-hour drilling 
operations, needs to be carefully appraised. Pier ers 
fundamental to assessing the adequacy of the present, or 


any forecasting system. 
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FORECAST VERIFICATION 


At the send) of “Chapter 2) the «notion sof meteorological 
scales, in both space and time, was introduced for the 
purpose of classifying severe weather. Examples of such 
weather, important for drilling operations offshore, were 
then described briefly, and methods of forecast 
presentation covering these and other events were 
discussed. It was pointed out in the last chapter that 
forecasts prepared both by the national and regional AES 
agencies, and by private forecasters, tend to deal with 
comparatively long-term averages OD the expected 
conditions. Setting aside for the moment the limitations 
these averages may impose on interpreting the forecast at 
the rig, it is relevant to examine what response each 
agency takes to verifying its forecasts, and what level of 


performance can be expected of the forecast. 


The perspective adopted here is how well do the forecasts 
predict peak storm response -- of wind and wave heights, 
for example -- and do the verification techniques give 


this measure of performance. 
Some Historical Background 


With the establishment of the new Aviation and Public 
Weather programs in Canada in the early years after World 
War. Il, , verification. programs, were Set up tos imoni tor 


results. Both provided numerical ratings of forecasts 


which, hand-done, were costly to maintain and, as a 


result, were abandoned in the early sixties. The programs 
were not particularly effective for they contained a good 
deal of fair weather bias and did little to focus 


attention on continuing forecast problems. 


When Central Analysis Office (now CMC) was organized in 
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the mid-fifties, an S-1 program (Teweles and Wobus, 1954) 
waS put in place. This system measures the accuracy of 
prognostre— chart . construction. Although it also was 


originally done by hand it is now computerized. 


In the Atlantic Region some verification. «has» been 
continued, for example monitoring St. John's and Gander 
aviation forecasts by NWO, while at AWC cay scores have 
been plotted for about 13 years. More recently their S-1 
scores have been graphed as a means of comparing the 


results of objective and subjective prognostics. 


Nationally, AES has reintroduced verification of both 
aviation and public forecasts (AES, 1983b) as a means of 
assessing product usefulness. However, it is too early to 


estimate how effective this program will be. 


As a result of offshore developments in Canada it is now 
manditory to verify wind and sea state forecasts (COGLA, 
1983). Verification of the 1982 Beaufort Sea program 
provides one example (AES, 1983c), where in addition to 
the numerical verification analyses, attention is also 
directed to synoptic descriptions of storm winds observed 


in the Beaufort Sea. 


Other examples, on the east coast, are the verifications 
carried out by NORDCO Ltd. of their own forecasts (NORDCO, 
1983), which will be discussed in more detail below, and 
the Scotian Shelf forecasts provided by MacLaren- 
Plansearch to Mobil Oil Canda, Ltd. These latter , 
forecasts are belng verified by -the (MEP = (Company im 
Toronto; however, documentation on methods and results was 


not available at the time of this study. 
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Severe Weather Verification 


By the AES 


This review has found that the AES is doing relatively 
little to verify their forecasts of severe weather. There 
have been’useful studies in the past (Bursey et al., 1977) 
and while this kind of work is encouraged within AES, 
rather few regional resources are available ffor the 
purpose. The need for verification is recognized (Pearce, 
1983; AES, 1983d) not only to assess performance after 
tragedies (Richards, 1982; Cardone, 1982) but also when 
severe weather that has been forecast does not occur. 
User confidence can be undermined by "“overforecasting" 
perhaps as readily as by “underforecasting." Therefore it 
is considered important to study not only those systems 
that (1) were expected to cause severe weather and sea 
State conditions and did, and (2) were not expected to and 


did, but also (3) those that were expected to and did not. 


Studies of storms in these three categories, examining 
both their time-series characteristics (e.g. of pressure, 
wind speed and direction, and precipitation) at a point 
and their synoptic aspects (descriptive), would provide 
forecasters with the necessary background to infer change 
more successfully in the early stages of storm 
development. The result should be improved  Day-1 
forecasts at a minimum. However any program of this type 
must necessarily take resources away from active 
forecasting, and this is difficult to achieve within the 


present framework of regional services in the AES. 


Verification of Northern Grand Banks marine wind forecasts 
by the Gander Weather Office (Porter, 91903, perc conn.) 
has been attempted for 1982. All weather was considered, 


not just severe events, “and: (a icorrec®: sforecact ote wind 
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speed was defined by agreement within £5 knots. Direction 
waS not examined. Two lead times were also considered: 
out to 2A hours, "today," and out to 45° “Rours, 
"tomorrow." The results are shown in Table 2 and indicate 
that correct predictions are achieved just over half of 
the time (55%); of the balance, 19% are overforecasted and 
26% are underforecast. This last figure is interesting in 
that. .1t shows, forecast errors to be biased low and that 
actual winds were stronger than predicted by about 7% of 
the incorrect prognoses. By not concentrating on severe 
events there. is no!’ twayryto. tell "1" the emajocity sos 
incorrect forecasts, or the underestimates of wind speeds, 
were connected with storm systems. In many respects this 
limits the UPB CY 9 sec the verification from the 
perspective of this study. The data also show that there 
is a small overall score improvement for the shorter lead 
time (6%), and a somewhat greater improvement (12%) for 


underforecast winds. 
Table 2 


AES Forecast Verification for the Northern Grand Banks 
Gander Weather Office - 1982 


Tomorrow 


Correct 
OverakEestubye5 ekts 
Under; £cst byes Kts 
TOA. OVeEEnCoc 
Total Under Fest 


SourCes " oe “POrcer, NWO 1983) 


By NORDCO 


NORDCO forecasts are verified on a well-by-well basis for 
their industrial clients in two ways: first, in terms of 
absolute accuracy giving error estimates for individual 


prognoses, and second using a reliability index (Hewson, 


Seacomsull 


Si 


¥ 
i 
5 
: ] 
‘7 
° 
ii 
: 
A 
‘ 
a 
‘ 
fl 
/ c 
har a 
. ’ a 
nf a 
pa 
- ° : 
| a 
gas aw # 
r 
* 
J 4 
¥ ‘ 


a ena Wa 


r 
j 
, set 
ify 
‘ 
/ 
} 
‘ 
ry 
w vf 
t 
0 
e us 
ae 
ry 


t f 
4 u 
' 
Ih Meas 
4 = e 
el 
4 
6 
- 
"=VRITesmen op orem ei emer fre A ae ab hte 
7 j 13 
oer 5 eahome Saleen eae ee 
ine des ( re a) z i en 
ents . rig Bye . “¢IoreIso 
a a) i 
; 4 f i ae wea 
f ‘Wau ¢ Le rue 
i ' i* 4 ' 4 200 “§ Si 
a a . '20%. yet 
‘ \ pielsierniielagtlindianoniehecigsih deemistiiness stevie ick 
' 2i> OWA 30 toy 
5 os 
1 i 
7 a a | i ¥ | i i 
ms AP eee 
dweVd flew # a6 belassey 16 a3 anee: 
4 ’ ‘a i 
> Lede ee ee ‘ 
pS RIER By S " ows of edniolto Me 
rib ¥ i : aro \ a oie Pay 7 Ly ae Ha 
“he on = ae ry cy j 
ie cs) baile 1x3 Lyin 
, Lae 


ialall 


1983b) designed as a measure of forecast utility based on 
correct forecast scores. The first approach, dealing with 
absolute error of the forecast data product, is the more 
relevant for assessing how well peak conditions are 
predicted. The reliability index as computed by NORDCO, 
while it may be useful for guidance, suffers from rather 
coarse discrimination of events to be useful for assessing 
performance in the sense used here. This 7s sil lustrated 
in the following -classification, extracted _from NORDCO 


(1983), for severe weather events: 


Event Number 
7 


Windspeed 34-40 41-47 48-63 
(knots) (6) (6) ¢1.5,) 


Combined 47'9—65'5* Os 6-759 8 OSCOH 1. Ss 
Wave Calin sO (lies?) (3 « 3s) 
Heights 


(m) 


Wave 11. bn 193:08 Ad 5240 >24 
Period (5. 5) Lite) open 
(s) 


Wind 45-degree sectors 
Direction 
fei) 


(Numbers in brackets give the increment of each event.) 


The ranges have the property of decreasing resolution with 
increasingly severe weather; this may, in fact, reflect a 
forecaster's ability to predict storm weather parameters, 
and so be consistent with meteorological practice, but it 
is less clear that it serves the intended offshore user so 


well. 
Error figures presented by NORDCO (1983) for the Nautilus 


C-92 well drilled by Mobil Ol) )Canada, Ltd. neve wmoce 


examined in this” study. They were derived from 
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differences between the forecast data product and the 
MANMAR rig measured data. The observed data were 
correctly averaged for comparisons of mean wind speed and 
wave height. Comparisons of maximum sustained wind speed 
were made with the largest observed value in the 6-hour 


period bracketing the valid time of the forecast. 


The statistical summary of errors for both mean and 
maximum wind speeds for all observations is shown in Table 
3 for lead times of 6 to 42 hours in 6 hour increments. 
The mean wind predictions, within +5 knots agree well with 
Gander Weather Office results (Table 2) showing that out 
to 24 hours about one half of the prognoses are correct. 
This figure goes up to 65% when the maximum wind speed is 
used in place of the mean wind speed. Unlike AES however, 
NORDCO show a bias to overforecasting winds when they are 
in error outside of the 10 knot tolerance. O£- the 
incorrect forecasts, overforecasts are ina ratio of about 
3:1 to underforecasts, roughly true for either mean wind 


or maximum wind speeds. 


The same statistics are reported for maximum speeds in 
storm force winds and separately for speeds exceeding 60 
knots (Table 4). In these severe event categories, wind 
speed predictions within 10 knots are achieved just under 
one half the time (43%) for storm force winds, but only 
about 20% of the time for speeds over 60 knots. We find, 
however, that in the NORDCO severe event forecasts 
over-estimates of wind speed occur between 80 to 90% of 
the time that any error is made, which gives predictions 


on the "safe side" in the engineering sense. 


Similar statistics are given for combined sea height in 
Table 5. Out to lead times of 12 hours an approximately 
50% success rate is achieved for heights between 5 and 8 m 


using an accuracy criterion of £0.5 m. For heights above 
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Table 3 


Statistical Summary of Mean and Maximum Wind Speed 


Forecast Accuracy =s All Winds 


WELL HEAD + NAUTILUS C92 
VESSEL + SEDCO 705 
LAT/LONG + 45.5N 48.70 

FERIOM . SEP 24 1981 - JUL 16: 1982 


TABLE NUMBER 9 + MEAN WINIISPEED FORECASTS OF STCRM FORCE 


LEAN TIHE 


§ 12 18 24 30 36 42 HOURS 
SAMPLE SIZE 45 37 35 % 26 22 8° NUMBER 
MEAN ERROR 349 7.8 7.8 9.4 Bol 6.0 4.5 KNOTS 
MEAN ABSOLUTE ERROR 10.4 1007 salke2 lit 10.2 WS 4835 KNOTS 
MEAN RMS ERROR 1206 gals4 “Gildas: “wl se2 125 91176 8.9 KNOTS 
UNDERFORECASTS 15.4 10,8  oil4sd ple? Loe4 peed 25.9 PERCENT 
MEAN UNDERFORCASTS 349 4,3 9.0 4.8 7.0 8.4 8.0 KNOTS 
LARGEST UNRERFORECAST ? 6 6 7 10 1} 9 KNOTS 
OVERFGRECASTS 7708 G38 8259? 78.6 80.8  77aS 7900 PERCENT 
KEAN OVERFORCASTS Vay a rae Pg E,0  elind- yt0.2 8.7 KNOTS 
LARGEST OVERFORCAST 34 34 34 30 2 27 15 KNOTS 
Z WITHIN 5 KNOTS 2859 2700 2 Ls). 2oude  2aee 0,0 PERCENT 
Z WITHIN 10 KNOTS D/08 spiel “g4Bed 95000 g5/e7  «59al 8745 PERCENT 
TABLE NUMBER 6 : MAXIMUM SUSTAINED SPEED FORECASTS 
LEAD TIME 6 12 18 Z 30 36 42 HOURS 
SAMPLE SIZE 388 v88 988 588 388 388 299 NUMBER 
MEAN ERROR Sat | a7 567 Je3 369 364 4.9 KNOTS 
MEAN ABSOLUTE ERROR 7.9 8.9 8.5 8.9 93 9.4 969 KNOTS 
MEAN RHS ERROR 10,3 11.1 11.0 = 11.4 Whg?', 42s 11.9 KNOTS 
UNDERFORECASTS PRES RAI 2500 241 62507 e27ed Pal PERCENT 
MEAN UNDERFORCASTS 9.0 369 6.2 6.9 7.3 7.3 7.9 KNOTS 
LARGEST UNDERFORECAST 18 28 23 33 40 39 25 KNOTS 
OVERFORECASTS 7309 73.8 206 70.4 6960-749 60 PERCENT 
MEAN OVERFORCASTS 91 967 98 ~elOe2 gO 98007 10.9 KNOTS 
LARGEST OVERFORCAST 49 43 43 43 39 41 3S KNOTS 
% WITHIN 5 KNOTS 45.9 44.0 42.2 41.0 38.8 36.4 36,5 PERCENT 
Z WITHIN 10 KNOTS 7168 8 =7002 868.7 §=6985.3 = 628 GB 60.9 PERCENT 


NORDCO LTD. 
ENVIRONMENTAL FORECAST CENTRE 
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Table 4 


Shab) sticaty Summa sy yo Se Mars mena Md ys Peetatos Ore ies 


WELL HEAD + NAUTILUS C92 
VESSEL + SELICO 794 
LAT/LONG + 45.9N 48,7 

FERIOD « SEP 24 1981 - JUL 16 1982 


TABLE HUMBER 7 + MAXIMUM SUSTAINEL SPEEI! FORECASTS OF STORM FORCE 


LEAD TIME 4 12 Ses ones 30 36 2 HOURS 
SAMPLE SIZE 190 88 30 79 78 77 36 NUMBER 
HESN ERROR 12,4 12.57 alles Ity/) alas 2.4 11,7 KNOTS 
MEAN ARSOLUTE ERROR 13,4 Walde? 13.3 booty wile oon Mel aas 14.1 KNOTS 
MEAN RMS ERROR 1603: sal/0 asloso 16.6 17.8 17.4 18.5 KNOTS 
UNDERFORECASTS 90 114 13.8 10.1 14,5 9 915.0 elivt PERCENT 
MEAN UNDERFORCASTS 302 7.3 8.1 9.0 10.0 8.8 11.0 KNOTS 
LARGEST UNDERFORECAST 15 2 Ag 2 2 7 a KNOTS 
QVERFORECASTS 90.0 86.4 95.0 84,8 87.2 87,0 861 PERCENT 
MEAN OVERFORCASTS 14,4 15,1 14.9 14.8 15.7 45.6 15,0 KNOTS 
LARGEST OVERFORCAST 49 43 43 43 RY 41 33 KNOTS 
% WITHIN 5 KNOTS PL BS! aan, Wear UN ys TN A a Gs Fae oP a MP PERCENT 
% WITHIN 10 KNOTS 43,0 46.6 43.7 46.8 41,0 40.3 44.4 PERCENT 


TABLE NUMBER 8 $ MAXIMUM SUSTAINED SPEED FORECASTS OF 50 KNOTS OR MORE 


LEAD TIME gle atte tho wsOuy Water) tain aeac DoS 
SAMPLE SIZE AZ? | sed iialie SZ fg! tbl 29 le? 8 NUMBER 
MEAN ERROR {8,5 l8y2, tates So ty tumelo. Ae Alo, d) alae Mane Nc 
MEAN ABSOLUTE ERROR 18,5): plOrds wigid, vyl2s7 | lat celaede wae s) MennOl 
KEAN RMS ERROR $9.9 420% glBed. agdi0h @aleed’) petted: » placed) MmKuOne 
UNDERFORECASTS A aan He Pa Br cence Pe ion Fy Mines: RENEE NG) Ty uiastiiaty 
MEAN UNTERFORCASTS GeO reBeOh  aeOr a0, Teele tlt So oboe i NO 
LARGEST UNDERFORECAST 0 8 8 CEL AES 0 KNOTS 
OVERFORECASTS {00,0 9206. 9743) 9017) 498s) piled | 100,00) mar eRCENE 
HEAN OVERFORCASTS 185° “188 “376 RO 1 7i7e* 12m tae mee 
LARGEST OVERFORCAST 1S Re HUM embed Femme aeyan I ied Fue Lay Fe 

% WITHIN 5 KNOTS AC ever Machetes 9 8 ogee ert 2 0.0 PERCENT 
Z WITHIN 10 KNOTS {7:0 "22:0 Nb BBs 2 kOe 2008 eae UeERCENT 


NORDCO LTD. 
ENVIRONMENTAL FORECAST CENTRE 
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Table 5 


Statistical Summary of Combined Wave Heights in Severe 
EVents t_ 


NAUTILUS €72 

SENCO 706 

46,9N 48,76 

SeF 24 1981 - JUL 16 1982 


WELL HEAL 
VESSEL 
LAT/LONG 
FERIOD 


22 7% we of 


TABLE HUMBER 15 $ COMBINED WAVE SIGNIFICANT HEIGHT FORECASTS FROM 4.9 TO 7.9 METRES 


LEAR TIME & 12 18 24 30 36 42 HOURS 
SAMPLE SIZE 80 86 71 $6 $85 47 33 NUMBER 

MEAN ERROR 1.4 1.8 1.7 1.8 243 2.3 Dee, HALF METRES 
MEAN ABSOLUTE ERROR 200 3.0 Sel Dae 3+9 369 +8 HALF METRES 
MEAN RMS ERROR 3e1 369 3.8 369 4.2 4.5 4.6 HALF SETRES 
UNDERFORECASTS Vp Mcceal 2 atbt8 ecl cee cles ey 18.2 PERCENT 
MEAN UNDERFORCASTS 2.6 247 287 3.3 at 3+1 263 HALF METRES 
LARGEST UNLIERFORECAST 7 *) 9 ? 6 7 4 HALF KETRES 
OVERFORECASTS 70.0 67,4 64.8 68.2 70.8 71.6 6667 PERCENT 
MEAN OVERFORCASTS 209 3.5 3.7 316 4.1 4.7 360 HALF METRES 
LARGEST OVERFORCAST 7 3 9 9 u | 10 HALF METRES 
% WITHIN 1 METRE h-hh 26.9 30.3 PERCENT 

Z WITHIN 2 METRES G3e0- | Pa0dy | PASGN VhOrad 60,00 © 35.2)" 95070 PERCENT 


TABLE NUMBER 16 $ COMBINED WAVE SIGNIFICANT HEIGHT FORECASTS OF 9 METRES OR MORE 


LEAD TIME b 12 18 24 30 36 42 HOURS 
SAMPLE SIZE 9 8 9 9 7 7 3 NUMBER 

MEAN ERROR 2.50) gFPESgIPEe gOS se = ase ye Oe RHALPOnEiRcS 
MEAN ABSOLUTE ERROR 3.0ie age? Eh Bd EBete 4629 eedaboy giddtnm © HALRRHETRES 
MEAN RS ERROR 4.00 2753-49550 Mili Tegel 5 vba tos mn HEL OBRE TIRES 
UNDERFORECASTS 12.599 2G19 TAIOG) ORG, FSG Fe 148 OPM MPERCENT 
MEAN UNDERFORCASTS Or E0-0m Odie nla Pua 1:0 00.0.7 WERADEMHET CES 
LARGEST UNDESFORECAST 2 0 0 0 i { 0 HALF METRES 
QVERFORECASTS 62,5 100.0 88.9 100.0 85,7 85.7 100.0 PERCENT 
MEAN OVERFORCASTS Ws Fee es Serre taee ls flarios 
LARGEST OVERFORCAST 8 9 2 15 tt 8 8 HALF HETRES 
% WITHIN 1 HETRE S25 (25:44 tlle the 40,9) Md cs eee 

% WITHIN 2 METRES 750mm i250 anid el Rill 1) BLA Ca AQP coe? MIRERDENT 
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8 m success falls to about 10 to 15% at 12 hours, although 
improves dramatically to 63% at 6 hours. These tables 
also show that unlike the wind forecasts wave prediction 
becomes increasingly more accurate as the lead time 
decreases. For example in the 5 to 8 m class the mean 
absolute error decreases from about 2 m at 36 hour lead 


times to about 1.3 m at 6 hours. 


In comparing wave heights this way one must bear in mind 
that the observations are not of instrumental accuracy: 
MANMAR wave heights are a blend of visual swell heights 
and (sometimes) measured wind sea heights. They seem to 
be reliable in a statistical sense (e.g. Jardine, 1979) 
but individual values may contain large errors. One must 
also recognize that the statistical summary for wave 
heights above 8 m is based on very small sample sizes (7 
to 9 observations) and as a result the frequency and error 


values have low confidence. 


The values discussed above for NORDCO, and previously for 
AES (NWO), are indicative of verification procedures, and 
the nature of marine forecast accuracy. They are not 
presented as measures Of how well either agency does at 
forecasting in an absolute _ sense. It would not be 
appropriate to draw this type of conclusion from the 
information discussed here because the cases examined are 


too few and too confined geographically. 
New Case Studies 


Seven severe storms from the 1981/82 winter season over 
the Grand Banks have been selected to examine forecast 
performance in time series format. The following data 


have been used for comparison purposes: 
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Forecasts 


AES - Newfoundland Weather Office: for the Northern 
Grand Banks, issued every 3 hours (wind speed and 


direction tony ; 


NORDCO - for specific rigs in the Hibernia area, issued 
every 6 hours (6-hour mean wind and direction 


Ons; 

METOC - for specific Waverider locations on the Northern 
Grand Banks near Hibernia, issued every 12 hours 
(wave height only). 


Observations 


MANMAR - rig data pertinent to the forecast location (wind 


speed and direction only),, 


Waverider data - at the rigs "Ocean Ranger," "Sedco 7065)" 
and "Zapata Scotian" (significant wave height 
only); 


The time series plots are presented in Figures 9 to 15: 
in each graph the prognoses are shown as discrete Symbols 
for 12, 24 and 36-hour lead times. This reflects the fact 
that the prognoses represent average, or "expected," 
conditions over the valid periods (e.g. 6 hours’ for 
NORDCO) and not smoothly varying continuous functions. 
The METOC "analysis" lines have been added to each graph 
for H, -- these represent the time-zero sea _ state 
conditions as analyzed by METOC using past chart data and 
actual observations. All METOC data plotted here have 
been read directly off the charts at the Waverider 


location, and have a precision of +0.1m. 
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Figure 9 Comparison of predicted with measured winds 
and waves for the storm of September 27, 198. 
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Figure 10 Comparison of predicted with measured winds and 
wave tor. the, storm ot, November 1. ,407c.. 
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Figure 11 Comparison of predicted with measured winds and 
waves for the storm of December 27, 1981. 
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Figure 12 Comparison of predicted with measured winds and 
waves fOr Che “Stvorn Gr anuary asa 
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Figure 13 Comparison of predicted with measured winds and 
waves for the” storm!or danuany vo, eco 
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Figure 14 Comparison of predicted with measured winds and 
waves for ‘the'storm Gf February 2,41 9825 
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Figure 15 Comparison of predicted with measured winds and 
waves forthe storm of February) 14 721982:. 
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In general the AES winds tend to underestimate the peak 
storm winds, and on Occasion (Dec. 31, 1982; b1duLes 2) 
get the timing wrong also. This “ls “true Of ~ the “NORDCO 
forecasts as well which tend to follow the trends found in 
the AES prognoses. However, underprediction by the NORDCO 
mean wind is expected since the comparison is made here 
between a predicted 6-hour mean and a one-hour mean 
measured wind. When the mean wind underpredicts, NORDCO's 
"maximum wind" parameter provides a better fit’ to observa- 
tions; e.g. they predicted maximum speeds of 75 to 80 
knots at the peak of the Feb. 14-15, 1984 storm (Figure 
15) with observed winds of about 78 knots. There was, 
however, a timing error of about 12 hours with predictions 
lagging the peak observation (for the 12-hour forecast; 
the 6-hour prediction was much closer to observed 
conditions). Conversely when the mean wind agrees with 
the observations (Feb. 2, 1984, Figure 14) the maximum 


wind will be too large. 


There) is» considerable variability :in forecast»accuracy <as 
a function of lead time and it is impossible to make a 
general statement on this from the data portrayed here. 
NORDCO (1983) have shown statistically that accuracy 
improves as the lead time decreases, i.e. 6-hour prognoses 
are more accurate more often than) .are ©24 | and)°36-hour 
predictions. The scatter in the predictions about the 
observation lines in Figures 9 to 15 reflects the diffi- 
culties of predicting the individual storms in this small 
sample, differences in forecaster skill and differences in 
the quality of data available on each storm as it 


developed. 


The! METOCGr sHg=predictionsiecevidently scaptureisthess major 
variations in the wave height fields, but as with wind 
there is a wide scatter in predictions for different 


storms and for different lead times (see e.g. the storms 
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From these graphs one can see that forecasting accuracy is 
highly variable and that the predicted wind speeds and 
directions, and wave heights, do not reflect the accuracy 
normally associated with instrumental readings. Stated 
another? way, “One "can notw rex pecum: co receive and use 
predicted parameters at a given point in time as if they 
were punctual measurements; the uncertainty is very much 
greater. This point may seem obvious to those involved in 
forecasting, practice but eis -worth vstating (clearly efor 
those who are not. The main purpose of the preceeding 
graphs is to illustrate the nature of forecast 
VarLapLLeicys Statistical assessments of accuracy are 
presented in much more detail in, for example, NORDCO's 


verification reports. 


The principal shortcoming of these statistical summaries 
is, however, the loss of any sense of timing accuracy. 
Differences between predicted and measured wind parameters 
may, for example, be due to wrongly estimating the timing 
of the weather system's impact on a given area as to 
incorrectly "modelling" the system's development in terms 
of physical processes (deepening of lows, motion of fronts 
and SO Gon). In this regard the time series format is 


particularly valuable. 
Discussion of Procedures 


Verification procedures used by forecast agencies and 
aimed at establishing the absolute accuracy of forecast 
weather parameters, examined in this study, are based on 
comparing site-specific. data pairs, “consisting otic 
predicted variable and the synchronous observation, over 


several months of service. These pairs are analyzed 
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statistically to give meaSures of error in the forecasts; 
in some cases this iS done over the entire range of values 
for a given. parameter, or fon istratit edayscanple. aaron 
selected subranges (e.g. wind Speed for storm force 
winds). These procedures provide tables of statistics 
which give an overall indication of forecast performance. 
They do not, however, indicate why and how large errors 
occur, particularly at the high end of severe events and 
do not illustrate how often “the “timing Yor “forecasted 
severe weather has been correct or not even if the 


magnitude has been close. 


Also they have been applied only to wind speed and 
direction, and wave height and period parameters. 
Predictions of the occurrence of. fog, heavy rain or snow, 
and freezing rain as these may affect aircraft and ship 


operations are not generally verified at all. 


Event-by-event verification in time series format is not 
used in any routines Or msformal wway sat spresenc. THs. les 
unfortunate because it shows how both magnitude and timing 
errors affect forecast “accuracy. Treating the data as 
time series also allowsS one to use more advanced 
processing technigues to correlate the» predicved and 
measured signals, thereby quantify magnitude and phase 
errors. The obvious limitation in this approach is that 
it reduces a complex three dimensional physical process to 


a one dimensional response signal at a single point. 
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METEOROLOGIST STAFFING 


Tt’ is) scléar (that. precencing acclrdte sollte: wand aces. 
specific weather forecasts requires well trained and 
locally experienced personnel. Given the size and 
redundancy of the government and private forecasting 
services in Canada, competition for good staff arises, and 
to some degree this must affect the quality of forecasts 


issued to offshore drevidingpunies, 


Meteorologists hired by the AES are usually graduates of 
one of the several Canadian universities that offer a 
degree course in meteorology. After recruitment, a 
Substantial course in operational meteorology is provided 
by “the” Service )/in Toronto: In early assignments a 
meteorologist will usually serve two year periods in both 
civilian and Canadian Forces OfELCes:, tom ensure: capecr 
flexibility. After these initial assignments a meteorolo- 
gist will tend to settle into one office for a number of 
years in order to develop regional experience, also viewed 


as an important part of career development. 


The meteorologists hired by private companies are usually 
graduates of Canadian universities and some have had AES 
training and experience as well. Foreign-trained meteor- 
ologists, most often British, and usually with resource 
development experience in the North Sea or the Near East, 
are another source. In the industry guidelines (COGLA, 
1983) it is stated that meteorologists employed privately 
"should meet AES standards for training and experience and, 
at least half of the forecasters should have substantial 
experience with AES core guidance material." Also the 
forecast team should have some professional forecast 


experience in the geographic region. 


Since AES is quite competitive in the job market, it is 
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difficult for private Sbacme 9C07 accrace experienced AES 
forecasters into “shift-watch" positions. This is due in 
part to better remuneration and job security in AES, and 
in part -to percelvedm career development. Another 
difficulty is that meteorologists recruited from abroad 
are needed in the work place when they arrive, andy eke 
difficult for them to obtain direct training 91 “ARS 


methods. 


While the private companies in_ the Atlantic Region 
experience difficulty in attracting and holding sufficient 
numbers of experienced meteorologists AES also has some 
problems. Because NWO is located at Gander for reasons 
associated with the development of meteorology during 
World, War.II, and this 1s a relatively isolated community, 
few of the professionals assigned there stay much longer 
than the required two year initial assignment. AS a 
result of this and because initial contact training 
periods there tend to be longer than normal due to the 
yaried and often difficult weather patterns encountered in 
the. area, strains are placed upon the professional 


resources of the office. 


While one can appreciate and describe staffing 
difficulties it is impossible to gauge what effect these 
have on forecast accuracy and performance. One reason fOr 
this is that each of the agencies approaches its 30D 
slightly differently and there are no universal standards 
or formats for forecast presentation and verification. 
Thus there 1S no objective basis upon which to form “an 


assessment. 
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CONCLUSIONS 


Some Opening Remarks 


Both parts of this report have emphasized the large, and 
in many ways redundant, organization of forecast services 
in Canada. We have’ also: founG. that. au. of the agencies 
involved are tightly linked, especially at =cther wevelmor 
regional weather offices (AES) and private forecast firms, 
because they base prognoses on the same cascade of 
information from within the organization, and approach 
weather forecasting using the same meteorological 
principles and equipment. Indéedy VUiis 1S- ‘an. pos Leron 
largely demanded by the bodies that regulate offshore 


drilling programs. 


One consequence of this parallelism in private and public 
forecasting groups is a profound similarity in the 
preparation and presentation of forecast material. For 
reasons based on the sparcity of observing points over the 
ocean and incomplete understanding of atmospheric physics, 
these forecasts deal with changes in weather on synoptic 
scales, over distances exceeding 200 to 300 km and 
durations of 2 to 3 days. Smaller mesoscale events, often 
producing the most severe, if short-lived conditions, are 
not encompassed in the preparation methods. Hence they 
cannot be reflected in the forecasted parameters. Thus a 
user of forecast data must clearly understand what the 
parameters do, or do not, mean. Because of the similarity 
in forecasts noted above, there are no. significantly 


different alternative presentations to guide users. 


This is not to say that the presentations look the same. 
The private forecast firms supplying information to 
offshore operators, in particular, have adopted rather 


scientific formats for presenting wind ‘and sea state 
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parameters )@.asS » as pefunckionsyoka. lead » times s inismoshour 
increments. In view of the precision implied by this type 
of presentation it is tempting to interpret these data as 
measures that will be realized as storms pass over a given 
areday | or location; Lt is tempting to ascribe an 
"observational" accuracy to them, to treat them like 


design criteria. 


But-caswragency, verifacatsaons, pandatimemcesies comparisons 
in this study show, forecasts of severe weather are 
Successful about one half or less of the time when judged 
by accuracy Standards expected of measurements. Thus any 
attempt to use forecasts to make decisions controlling 
offshore operations MUS, Cakeupither uncertainty wernte 
account. These uncertainties appear much larger than 
engineers would normally accept (or expect) of design and 
operational criteria; consequently, to view forecast 
parameters like criteria and thereby relate them to the 
behaviour of a rig, a vessel, a downhole operation, or an 
aircraft at a given point in time would be a misuse of the 
data. One result,-Of edoingmso amayaweblesbe a threat ‘to 
human safety on one hand, or a very expensive loss of 


drill ing stimesonsthesother: 


This raises the issue of the relevance of forecast 
information, as it is currently presented to and used by 
offshore operators. And thiss;yin«aturm, <lbeadswatOavanc 


criterion by which one can judge forecast adequacy. 
The Essential Criterion for Assessing Adequacy 


The principal goal of this study was an assessment of the 
adequacy of marine weather’ forecasts for offshore 
exploratonryie drdd dang gipractiica.. The, .onlys@criterion. sby 
which to judge this adequacy is to determine whether or 


not the data are adequate for proper decision making by 
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the end-user groups, and whether or not the decision- 
making process meets some acceptable standard for ensuring 
offshore safety. To do this would require a study of how 
the data are actually used within each Operator's 
Organization: how the data are perceived or interpreted 
for the uncertainty in them, whether the Parameters as 
recelved are the correct ones, what the consequences are 
of errors in the forecast data, and what decision making 
procedures are currently in place. In short, one would 
seek to establish the amount of relevant information in 
forecast data and weigh this against decision-making 


requirements. 


However, the mandate of the present study did not extend 
to the practices of the offshore operators, either on the 
rigs or in their central coordinating offices. Thus it is 
not possible, in our view, to reach conclusions on 
forecast adequacy in a kind of absolute sense at. this 
time. The discussion to follow attempts, then, to present 
conclusions and points for consideration useful to the 


next step in such an assessment of adequacy. 


Conclusions on Weather Forecasting Practice 


On Content 


As discussed above simple meteorological and sea state 
parameters presently form the basis “of forecast ‘data. 
These are parameters nearly everyone is familiar with from 
public weather broadcasts: wind speed and direction, sea 
wave heights and periods, temperature, pressure, 
visibility, and freezing spray. They are presented in 
descriptive and/or numeric terms to cover an area or a 
point.‘in the ocean;,‘tat) régular*“iticréments “of time SS eae 
valid periods --°ushallys6 om 12®hours® apart. SoGiven Pens 


complex spatial structure (multiplicity of scales) and 
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dynamic aspects of storm systems, and the intended uses 


for the data, two questions must be addressed: 


1) do these parameters provide sufficient information on 


weather sor the 1ser2? ana 


2) are these the relevant parameters for the intended 


user? 


The first question deals with the information level of 
forecasts: when one considers how much prognostic data 
have been distilled (predictive atmospheric and wave 
modelling) to produce the parametric forecast, they 
contain a very low level of information. This statement 
is reinforced by the fact that forecasts issued every 6 
hours deal only with synoptic scale systems, omitting 
smaller, more rapid components that should in principle be 


reflected in the parameter lists. 


Two examples will illustrate the concept. The safety of 
low-level aircraft operations is threatened by sudden 
changes in otherwise good flying weather, either by 
squalls, ,heavyaprecipatatjon sin, rain bands) or foc This 
can be particularly dangerous at the rig, where even flow 
modification of gusty winds by the structure itself can 
increase the hazard. A forecast which doesn't prepare 
’ personnel,-in sthe ,aireratt  oneon the vessel stor auc) 
occurrences of severely deteriorated conditions contains 
far: dess,. information.,.than _one, that. does. Since. olving 
times offshore, and decisions affecting airborne 
operations,  last.a,,few_hours .to .a. few,minutes,. 6-nourly 
forecasts using one value of each parameter to cover a 
large oceanic area provide only the most basic average 
appraisal of conditions to be expected enroute; in no way 
can they prepare pilots for perturbations about this 


average which are likely to pose the danger. This has, of 
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course, been recognized for many years and is why the 
alrways forecasts are given on as nearly a continuous 
basis as deemed necessary. They also attempt to include 
guidance on conditions near fronts but, like the standard 
marine forecasts, are constrained in this by the synoptic- 


scale focus of the prognoses from CMC and AWC. 


Sea state parameters are usually specified (and observed 
in MANMAR procedures) as a wind sea and two swell (primary 
and secondary) components. These are added up to give a 
"combined" sea wave height, period, and direction. MThere 
are no parametric hindcast procedures which truly model 
the physics of old swell seas, and to date, large-scale 
discrete spectral wave models, which would approximate the 
propagation of swell components, are not used in Canada 
for wave forecasting. Therefore the two forecasted swell 
components are largely meaningless and about the best one 
can do is interpret the combined sea height as roughly 
equivalent to a significant wave height averaged over the 
valid time of the forecast. Thus the forecast contains 
one wave height and period, and a rough indicator of 
direction (the maximum wave height is just a statistical 
extrapolation of the first value and does not increase” the 
information contained in’ the” forecast) ,“ ‘to “wepresent a 
given location at sea. It is updated every 6 hours. 
During a storm these are, for example, the minimum data 
requireménts ‘for asSsesssing® the ‘expected’ = notion Votwa 
floating drilling vessel. A more reliable motion analysis 
would obtain from predicted wave spectra computed with 
two-dimensional models on a one-hour time step. Such 
spectra would resolve crossing seas and rapid changes in 
wave growth’ as the storms” peak*4over Yspectirery locations. 
Thus the presentation of spectra, properly computed, as 
opposed to wave height and period would provide a 
significant increase in the information contained in sea 


state forecasts. 
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To be effective, forecasts that deal with mesoscale 
atmospheric processes and wave Spectra, as two examples, 
involve fundamental changes to present data acquisition 
and presentation techniques. These will be discussed in 


the next section. 


The second question -- on relevant parameters -- is 
vitally important. To, «be sof sany.euse athe paboregact 
information must provide the decision maker with exactly 
what he.needs to take a certain .action. Without rather 
detailed consultation with offshore operators their data 
requirements cannot be specified here, but a number of 
questions can be put forward to illustrate how these might 


be determined: 


1) What parameters require what lead times? - for 
example, wave height or rig heave estimates out to 48 
hours might suffice for scheduling a downhole operation, 
but». .wavie. ¢spectra.,.or detailed vessel motions may be 
required with 6, 5, 4, 3, 2 and 1i-hour lead times to order 


rig evacuation during a storm. 


2) What parameters are really required? - for emergency 
evacuation, are spectra,.of any use at all -or) does ‘the 
operator | really require rig motion estimates? -—- for 
resupply, are spectra or wave heights of any use or are 
supply boat pitch and heave or crane derating values 
really required? - for aircraft operations, is the 6-hour 
mean wind of any use or does one need gust speeds or 


expected gust spectra along the flight path or at the rig. 


3) How should forecast uncertainty be portrayed in the 


predicted parameters? .- how would, the operaton uses it sif 


it were? 


The "response" parameters indicated above are all derived 
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from meteorological parameters through mathematical 
models, which while introducing some additional uncer- 
tainty into the predictions, may improve the relevance. 
We emphasize the importance of establishing parameters for 
marine forecasts that are directly useful to the drilling 
Operators. There has been a tendency to direct resources 
at upgrading traditional forecasting procedures and data 
products, especially with the use of very large computers, 
and while this may lead to increased information levels in 
traditional “forecasts; if “they sare not” relevance tortie 


intended user there has been no net gain. 


On Presentation 


Forecasts are presented in a very rudimentary manner with 
all parameters given equally for the same lead times, and 
transmitted over telecopier circuits or broadcast. Where 
users receive analysis charts and satellite imagery over 
photo-facsimile machines prognoses can be supplemented 
with current information on the. spatial structure of 
weather systems. While it is not possible to judge 
presentation adequacy independently of the issues raised 
above, the absence of colour graphics displays showing 
two-dimensional prognoses blended with observational data 
(satellites and weather radar images, for example) is 
unexpected. It would be possible, given present-day 
transmission capabilities, to show the dynamic behaviour 
of storm systems, in the past and projected into the 
future, to isolate and predict some small scale events 
within them, and to present both area and site-specific 
forecasts rapidly and interchangeably. This would allow, 
for example, short lead-time prognoses with detailed 
information to be sequenced with longer lead-time less 


detailed presentations. 


Because this implies complete computerizaton of forecast 
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dissemination, incorporating auxilliary models to 
translate meteorological parameters into, perhapS, more 
relevant Outputs (e.0% vessel response) would be 


straightforward. 


On Verification 


Verification of marine forecasts given by private firms is 
well established and is now providing a great deal of 
information about forecast quality. It tends, however, to 
be statistical and to remove the connection between storm 
history: and s«thegenature ofof ei@rnrorsi) ini, severer evence. 
Verification of forecast performance uSing time series 
analysis techniques to show the relationship between 
magnitude and timing errors would also be of value. 
Useful, too, would be an anlaysis of the consequences of 
various:sikinds ofsemissed leyents,execges thestistorm peak 
predicted too fe@arlysror jtoomlates bygeseveralgpnourcy pion 


offshore operations. 


Because forecasting is based upon manipulation of observed 
or forecast synoptic weather systems, post-mortem analyses 
of particularly difficult events, together with atormal 
mechanism to transfer the experience so gained to all 
forecast personnel, would be valuable and must receive 
more attention. The intent» shouddssibe esto; i eimprave 


procedures and "build in" this information. 
Closing Statements 


Weather forecasting represents an attempt to predict the 
behaviour of, arguably, the most complex fluid dynamic 
system in nature. That it enjoys some measure of success 
is a tribute to the knowledge that has been accumulated 
over the years, and the functioning of the combined 


services presently doing routine forecasting. Through 
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guidelines “put "in “place Dy “"cegulatery DOdites, =p: ae 
forecast firms carry a large measure of responsibility for 
providing weather information to offshore operators. 
While closely tied into the Atmospheric Environment 
Service. for data. acquisition, by ) Standards” Ometaatuang, 
and by a common philosophy to predicting weather, they 
function independently in dealing with operators. Thus it 
is possible to examine their performance relative to the 
AES. 


We have found that, after a preliminary study of NORDCO, 
it does not appear that one organization, AES or private 
company, consistently outperforms the other. MThere is no 
basis to claim that provision of forecast services by 
private firms to the offshore is inadequate, relative to 
Standards that could be established for AES itself. Both 
organizations appear to be presenting much the same 
quality of forecast information using very similar 
parameters. Wer also note. that, iu, 1s) Glo t. Cute gia 
generalize this conclusion because there are _ few 
verification data available for AES and the other private 


£ITMS. 


However, we find that forecasts actually contain a very 
low level. of information, sdue in. pant (ton tiemeradecrona. 
approaches used in government forecast services for 
presentation, in part to sparseness of data collection 
points at sea, and in part to limitations, of) “present 
knowledge about atmospheric physics. Forecasts provide 
data on changes in weather that cycle in periods of days 
but little or no information on short term events lasting 
a few hours. They provide numerical values for parameters 
Like wind speed and wave height that appear individually 
to” have a high) (preciaion ys bur Statistically have low 
reliability. (Stated another way, forecasting tends to 


predict the major trends ‘in (weather correctly, bue 
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achieves low accuracy on any one value in the Sequence.) 
For these reasons, among others discussed above, it 1s not 
clear that the forecast parameters are necessarily the 


most «relevant jones,Eon offshoreroperators: 


At this. point we believe, therefore,. that to make any 
rational assessment of the adequacy of present forecasting 
services, ate is mecessary to step back from this 
examination of the forecasting side, and look at the 
entire relationship between regulatory expectations for 
offshore safety, industry needs to meet these and other 
Operational demands, and the ability of forecasting groups 
to satisfy these needs. Offshore operators must carefully 
consider w howssthey *rwouldsaouse lafonecastriaata tom reac 
decisions affecting human safety at sea, and in doing so 
decide exactly what data are needed and in what forms. 
Having done this’ it “can be judged whether present 
forecasting methods can provide the necessary information 


or whether fundamental changes are needed. 
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